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UREA AND CARBOHYDRATES VERSUS PLANT PROTEIN 
FOR SHEEP? 


Davip Drort? AnD J. K. Loos 
Cornell University, Ithaca, New York 


UMINANT diets containing largely urea 
nitrogen and carbohydrates consistently 
produce slower growth than diets supplying 
equivalent amounts of protein nitrogen and 
energy from plant sources. The poor utiliza- 
tion of urea is most often attributed to the 
rapid release of ammonia from urea in the ru- 
men, and its loss by absorption and subsequent 
excretion. However, the hydrolysis of urea is a 
necessary step in the utilization of urea nitro- 
gen. The hypothesis that the potential rate of 
bacterial protein synthesis per se, rather than 
a shortage of ammonia at a certain time after 
feeding is the limiting factor in diets contain- 
ing urea, is equally feasible. 

Lewis (1957) reported that under a given 
feeding regime the concentration of urea in the 
blood plasma of sheep is constant and sug- 
gested that this might form the basis of a sup- 
plementary test in assessing the value of the 
protein in a feedstuff for ruminants. A test of 
Lewis’ hypothesis seemed desirable. In the 
summary of a report by Lassiter e¢ al. (1958) 
it is implied, though not explicitly stated, that 
a non-protein nitrogenous compound other 
than urea must account for a part of the in- 
creased blood non-protein nitrogen values on 
diets containing urea. Duda and Handler 
(1958) reported that glutamine, rather than 
urea, was the immediate fate of N? labeled, 
injected ammonia in rats. Large amounts of 


some carbohydrates fed to ruminants have - 


been shown to cause severe disturbance (Hun- 
gate et al., 1952). There is reason to assume 
that the low intakes and inferior performance 
of ruminants on certain diets containing urea 
can be partly attributed to high intakes of 
available carbohydrates. 

The purpose of these experiments was to 
gather evidence which may throw more light 
on the comparative metabolism of diets con- 
taining urea and various carbohydrates versus 
diets containing plant proteins, and to measure 
consumption rates by sheep fed different diets. 


1Supported in part by a grant to Cornell University from 
the Herman Frasch Foundation. 
5 ee address: National and Univ. Inst. Agr., Rehovot, 
srael. 
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Experimental Procedures 


Six wethers averaging 60 lb. were used in 
experiment I. In experiment II, three wethers 
averaging 69 lb. at the beginning and 80 Ib. at 
the end of the experiment were used. Two 
sheep were fitted with rumen cannulas one- 
inch in diameter to facilitate collection of ru- 
men samples in experiment III. Three types 
of diets were fed (table 1). They consisted of 
a basal of poor quality, chopped timothy hay 
and molasses supplemented with (1) glucose, 
urea and sodium sulfate, (2) corn starch, urea 
and sodium sulfate, and (3) soybean oil meal 
and corn. Throughout this report the three 
types of diets are referred to by number as 
indicated above. In experiment I, diet 3 (soy- 
bean oil meal and corn) was somewhat defi- 
cient in energy because of low intakes com- 
pared to diets 1 and 2. In experiments IT and 
III the three diets were iso-nitrogenous and 
iso-caloric. Urea supplied 69% of the nitrogen 
in diets 1 and 2. All the ingredients, except 
hay, soybean oil meal and corn meal, were fed 
in a single mixture, diluted with water to a 
convenient consistency. Added water did not 
exceed 11% of the total ration and the pro- 
portion of all the ingredients was kept con- 
stant. 

Intakes, exclusive of water added to the feed 
mixtures, were variable and averaged 700 gm. 
per day, in experiment I. In experiment IT in- 
takes were rather uniform and averaged 1240 
gm. per day. In experiment III intakes were 
approximately 720 gm. per day. Two equal 
allotments were fed daily in experiments I and 
II at 9 a.m. and at 5 p.m. Forty percent of the 
ration was fed at the a.m. feeding and 60% at 
the p.m. feeding in experiment III. Blood urea 
nitrogen and free acetone were measured in 
experiment I. On 30 samples total ketone 
bodies were also determined. In experiment IT 
nitrogen balance, blood glucose and urea nitro- 
gen, blood non-protein nitrogen and the uri- 
nary excretion of urea were determined. In ex- 
periment III levels of nitrogenous constituents 
and volatile fatty acids (VFA) in rumen liquor 
were determined. Other data directly related 
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TABLE 1. INGREDIENTS USED IN THE DIETS 

















Experiment I Experiment II and III 
Soybean Soybean 
Glucose, Starch, oil meal, Glucose, Starch, oil meal, 
Ingredients urea urea corn urea urea corn 
Diet no. 1 2 3 1 2 3 
Basal: 
Timothy hay, chopped 50 50 50 40 40 40 
Cane molasses 20 20 20 20 20 20 
Minerals* 2.16 2.16 2.16 2.16 2.16 2.16 
Supplement: 
Glucose (“Cerelose’’) Be ee ge, ft aeeels Daan. | >: neta a abth ekisy <0 ee 
Commstercs ("r-rearm’): 2 ade es Beets = -awkage not ooh 23.6 4.1 
Urea (“262”) 2.72 ie. f PEs needa 2.72 one ot vase 
Sodium sulfate 1.00 Bee: = $555 1.00 TS: Mibeatecar are Gees 
Soybean oil meal and 
UND OCI Sh a ee ieee PO i lags Sates ost Ree 19.5 
Crude protein (NX6.25) % 11.0 11.0 11.0 11.7 11.7 11.7 





* Trace mineralized salt, 33%; ground limestone, 30%; phosphoric acid (85% conc.) 37%. 


to carbohydrate and nitrogen metabolism 
were obtained (Drori, 1959). 

In this paper, “consumption” rate indicates 
how rapidly an animal consumed a certain diet 
during a given length of time after feeding and 
is arbitrarily expressed as the percentage of a 
fixed allotment consumed within 45 minutes 
after feeding, when all the diets were fed in 
equal amounts to sheep of the same size. 

Ketone bodies in blood were converted to 
acetone by the method of Dale and Brody 
(1954). Free acetone in blood and acetone 
from ketone bodies was determined by the 
method of Thin and Robertson (1952) with 
modified amounts of reagents. Blood glucose 
was determined by Benedict’s color reagent as 
described by Hawk ef al. (1954). Volatile 
fatty acids in rumen liquor were determined 
by the method of Wiseman and Irvin (1957) 
as modified by Stewart (1959). This method 
separates four fractions: (1) valeric and 
higher acids, (2) butyric, (3) propionic, and 
(4) acetic acid. 

Experiment I consisted of two 3 x 3 latin 
squares. Experiment II consisted of one 3 x 3 
latin square. In experiment I the six sheep 
were bled eight times in each of three periods: 
four times just before the morning feeding and 
four times 1.5 to 2.5 hours after the morning 
feeding. Each sample was taken on a different 
day; thus, the samples before and after feed- 
ing are not paired. Days of bleeding before 
feeding alternated with days of bleeding after 
feeding. In experiment IT the three sheep were 
bled four times in each of three periods. Paired 
samples, taken before feeding and three hours 


after feeding on the same morning were ob- 
tained. In experiment III rumen liquor was 
sampled on each of the three diets from each 
of the two sheep. In each period, for each diet 
and sheep two series of samples were obtained 
on two consecutive days: on one day the sheep 
was offered all the morning allotment (40% of 
the ration) in the feed box, while on the next 
day the concentrate part of the same allotment 
was introduced into the rumen through the 
cannula and the timothy hay was placed in 
the feed box. Seven samples of rumen liquor 
were taken in each series: one just before feed- 
ing (0 hour) and one sample each at 1, 2, 3, 4, 
5 and 7 hours after feeding time. 

Blood samples were drawn from either jug- 
ular vein. Potassium oxalate and sodium fluo- 
ride were used as anticoagulants.? Rumen con- 
tents were withdrawn by suction and strained 
through four layers of 25-mesh cheesecloth. 
Rumen liquor was preserved with 2 ml. of a 
saturated solution of mercuric chloride added 
to two ounce sample bottles before the sample 
was introduced into them. Rumen contents 
were obtained from the region directly below 
the fistula. 

Nitrogen balances were carried out during 
collection periods of seven days, following pre- 
liminary periods of 14 days. Feces were col- 
lected daily, kept frozen until the end of the 
collection period and dried at 70°C. for 24 
hours. Urine was collected over sodium fluo- 
ride and thymol and daily aliquots were kept 
refrigerated at 4°C. Nine 24-hour urine sam- 





_ 5 No sodium fluoride was used in experiment I since urease is 
inhibited by fluoride. 
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ples used for the determination of urea, am- 
monia and total nitrogen were collected over 
2 gm. of mercuric chloride and a little water. 
Blood and rumen liquor were deproteinized 
by Somogyi’s method. Total nitrogen in feeds 
was determined by a macro-Kjeldahl proce- 
dure using copper sulfate as a digestion cata- 
lyst. Urea nitrogen, in experiment I, was de- 
termined by the urease method of Van Slyke 
and Cullen (Hawk e¢ al., 1954). In experi- 
ments II and III urea nitrogen was determined 
by xanthydrol (Engel and Engel, 1947). 
Ammonia nitrogen in rumen liquor was air- 
distilled into 2% boric acid at room tempera- 
ture after addition of 5 ml. of a saturated solu- 
tion of potassium carbonate to 10 ml. of a 5:1 
protein-free filtrate, and titrated with 0.015N 
sulfuric acid, using a Beckman pH meter. 


Results and Discussion 


Nitrogen Metabolism. The results of the ni- 
trogen balance, the data on blood urea nitro- 
gen and on blood non-protein nitrogen appear 
in table 2. 

The soybean oil meal diet was superior in 
nitrogen retention to both urea diets at the 
P<.05 level and in biological values (Mitchell 
et al., 1936) at the P<.01 level. The excretion 


TABLE 2. NITROGEN BALANCE, BLOOD UREA 
NITROGEN AND BLOOD NON-PROTEIN 
NITROGEN 

















Soybean 
Glucose, Starch, oil meal 
urea urea corn 
gm./day- 
Diet 1 7 3 
Nitrogen balance (Exp. I) 
Intake 22.4 23.4 23.0 
Feces 7.0 8.3 7.9 
Urine 13.1 12.5 11.0 
Urea-nitrogen * 10.8 10.4 : eS oe 
Non-urea-ntrogen 2.9 2.1 2.8 
Fecal metabolic nitrogen » 4.2 4.2 4.2 
Urinary endogenous nitrogen ¢ 1.9 1.9 1.9 
Retention 2.8 2.6 4.1 
Biological value (%) 42.9 45.1 52.8 
Blood urea nitrogen 
we I mg./100 ml.———— 
efore feeding 16.5 17.8 21.9 
After feeding 18.0 19.7 20.8 
Postprandial change 1.5 1.9 —Il1.1 
Experiment IT 
fore feeding 15.4 15.7 18.8 
After feeding 19.8 21.4 15.4 
Postprandial change 4.4 5.7 —3.4 
Blood non-protein nitrogen 
Experiment II 
Before feeding 23.0 22.8 25.0 
After feeding 27.4 29.3 23.2 
Postprandial change 4.4 6.5 —1.8 





® ‘‘Urea-nitrogen”’ includes ammonia nitrogen; the latter is 
derived from urea upon standing and accounted only for 
1. 2% of the total urinary nitrogen. 
Fecal metabolic ivegenee®, 004 x dry matter intake. 
° Urinary endogenous nitrogen=146W°®-7; nitrogen in mg., 
weight in kg., Brody, 1945. 
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of urinary urea rather than other compounds 
accounts for the differences in the retention of 
absorbed nitrogen. All of the biological values 
were low, possibly because of an energy short- 
age from low feed intakes and a higher dietary 
protein content than usually fed in such meas- 
urements (Drori and Loosli, 1959). 

Blood urea nitrogen showed a consistent 
postprandial increase on the urea-containing 
diets and a decrease on the soybean oil meal- 
corn diet. In experiment I the postprandial 
changes were not statistically significant, 
whereas in experiment II they were significant 
at the P<.01 level. This can be explained by 
two factors: (1) the postprandial changes in 
experiment I were smaller than in experiment 
II due to lower levels of intake, and (2) the 
data in experiment I were not paired. Blood 
non-protein nitrogen changes confirm the 
changes in blood urea nitrogen. Postprandial 
changes in blood non-protein nitrogen on diet 
3 were smaller and less consistent than the 
changes in blood urea nitrogen. The hypothesis 
that a non-protein nitrogen compound in the 
blood, other than urea, varies under these con- 
ditions is tenable. 

Blood urea levels in this study were not 
constant on any feeding regime, and the aver- 
age levels of blood urea give no clue to the 
value of the protein in these diets. 

The magnitude and the direction of the post- 
prandial changes in blood urea are indicative 
of the changes in levels of rumen ammonia, 
which are reported below, but their magnitude 
depends on the level of intake, as shown by a 
comparison of these changes in’ experiments 
I and II. 

The levels of rumen ammonia nitrogen ob- 
tained in experiment III are presented in fig- 
ure 1. When the concentrates were introduced 


CONCENTRATES CONSUMED 
3 10 DIET | DIET 2 DIET 3 
2 
o 50 7 
= fe mac ee ee 
eae eee 
ks 1 6 7 ee ee a te ee Se 
@ HOURS AFTER FEEDING 
re 
= CONCENTRATES INTRODUCED. THROUGH FISTULA 
z DIET | r pet 2 DIET 3 
x10 4 L 
z 
5 a 4 
iio 








. 2 2 Retibee 8 
HOURS AFTER FEEDING 
Figure 1. Levels of rumen nitrogen from 0-7 
hours ge Fo feeding (means of 2 sheep). Experi- 
ment III. 
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through the fistula, the diets containing urea 
produced a sharp rise in ammonia nitrogen. 
This supports the contention. that urea is 
rapidly hydrolyzed in the rumen. The mod- 
erate levels of ammonia on these diets, when 
the concentrates were offered to the sheep in 
the feed box, are due to the relatively slow 
consumption of these diets. 

Urea was detected (xanthydrol method) in 
22 out of 56 samples of rumen liquor taken on 
diets 1 and 2 in experiment III. Sixteen of 
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tained. Dry matter values showed considerable 
variation but no definite trends with time. The 
dry matter content of rumen samples on diets 
1, 2 and 3 were 5.51%, 5.31% and 5.56%, 
respectively, with a mean and standard devia- 
tion of 5.46+1.25%. 

Organic nitrogen values were calculated for 
all rumen liquor samples by subtracting am- 
monia nitrogen from total nitrogen. Non-pro- 
tein organic nitrogen in all the 2 and 3-hour 
samples averaged only 8%, 9% and 5% of the 


TABLE 3. BLOOD ACETONE, BLOOD GLUCOSE, VOLATILE FATTY ACIDS AND 


CONSUMPTION RATES 











Glucose 
and urea 
Diet 1 


Starch 
and urea 
2 


Soybean oil 
meal, corn 
3 





Blood acetone (mg./100 ml.) 
Experiment I 
Before feeding 84 
After feeding 
Postprandial change 24 


Blood glucose (mg./100 ml.) 
Experiment I 
Before feeding 
After feeding 
Experiment IT 
Before feeding 
After feeding 


Volatile fatty acids, mole percent * 


Experiment III A* B 


Acetic 
Propionic 
Butyric 
Valeric 


Acetic/propionic,” mean 
molecular ratio 


Total VFA, millimoles/100 ml. 


Consumption rate, percent * 
Experiment IT 36 


136 


61.31 
25.81 
10.94 

1.94 


2.53 
9.5 


33 67 





* Mole percent values are weighted means of levels at 1, 2, 3 and 4 hours after feeding. 
» Acetic/proprionic mean molecular ratios are not weighted means 


¢ A—concentrates consumed by sheep; 


these samples contained less than 1 mg. of 
urea nitrogen per 100 ml., five contained 1 to 
5, and one sample (taken 1 hour after feeding) 
contained 9.8 mg. of urea nitrogen per 100 ml. 
The fact that urea could be detected in 22 
samples indicates that the samples were prop- 
erly preserved. Indeed, traces of mercuric ion 
are known to block the action of urease. In 
most studies reported in the literature samples 
were not preserved and the negative results 
obtained in attempts to find urea in rumen 
liquor could not be interpreted. 

Dry matter and total nitrogen was deter- 
mined on all the rumen liquor samples ob- 





B—concentrates introduced through fistula. 
4 Percentage of A. M. allotment consumed in 45 minutes. 


organic nitrogen for diets 1, 2 and 3. It was 
concluded that organic nitrogen can be used 
as a valid, approximate index for the protein 
content of rumen liquor. The organic non- 
protein nitrogen content of rumen liquor is 
exaggerated in most available reports due to 
the use of unsuitable protein precipitants. The 
findings of Pearson and Smith (1943) in this 
connection have been mostly ignored. Zinc 
hydroxide, the precipitant used in this study, 
is probably preferable to others because its 
action is instantaneous and the pH of the final 
solution is near neutrality. 

The mean organic nitrogen levels of 28 sam- 




















ples of rumen liquor for each diet were 183, 
157 and 190 mg. per 100 ml. for diets 1, 2 and 
3. On a dry matter basis the organic nitrogen 
content of rumen liquor was 3.4%, 3.0% and 
3.5%, respectively. The differences between 
the diets are not significant. The true protein 
content of rumen liquor dry matter was ap- 
proximately 20%, which is considerably higher 
than that of the diets. It indicates that the 
protein content of the dry matter of rumen 
liquor may be an indication of bacterial pro- 
tein synthesis. The results of this study do not 
indicate that the protein content of rumen 
liquor on a soybean oil meal and corn supple- 
mented diet is higher than on urea and carbo- 
hydrate supplemented diets. 

Carbohydrate Metabolism and Rate of Con- 
sumption. The results are presented in table 3 
in summary form for all three diets. 

In experiment I significant postprandial in- 
creases in circulating acetone were found on 
all three diets. This suggested that the free 
acetone of blood or its precursors were prod- 
ucts of rumen fermentation rather than of 
body fat utilization. The correlation between 
free acetone and total ketone bodies as deter- 
mined on 30 pairs of values closely approached 
significance at the P<0.05 level. The mean 
level of acetone on diet 1 was significantly 
lower than on the other diets (P<9.01) and 
the postprandial increase in blood acetone on 
diet 3 was higher than on the other diets (P< 
0.05). This suggested radically different types 
of fermentation on the three diets employed. 
The differences between the diets in blood ace- 
tone were related to the distribution of VFA 
in rumen liquor in experiment ITT. In the latter 
experiment, diet 1 gave a higher proportion of 
propionic acid and relatively less acetic acid 
than the other diets. This explains a lower pro- 
duction of the precursors of acetone and/or 
acetone in the rumen. Butyric acid and ketone 
bodies in the rumen are presumably synthe- 
sized from acetic acid. The difference between 
diets 2 and 3 must be considered in the light 
of the consumption rates of the diets. 

The consumption rates of diets 1 and 2 were 
significantly lower (P<0.01) than that of diet 
3. The sheep ate diet 3 about twice as fast in 
the first 45 minutes after feeding as they ate 
diets 1 or 2. Introduction of the concentrates 
through the fistula simulated uniform con- 
sumption rate. Under these conditions the dis- 
tribution of VFA changed in different direc- 
tions on the three diets. A relationship of the 
VFA distribution patterns to consumption rate 
in this experiment is possible but not definitely 
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established. Though glucose and starch dif- 
fered widely in VFA distribution, when rapid 
consumption was simulated by introducing the 
concentrates through the fistula, both tended 
to favor the production of propionic acid at 
the expense of acetic acid, whereas diet 3 re- 
sponded with an increased production of acetic 
acid at the expense of butyric acid. 

The levels of total VFA also merit consid- 
eration. The mean total ruminal VFA level of 
the two sheep over four hours after feeding 
was nearly equal on all three diets, whereas 
the introduction of the concentrates into the 
rumen produced considerably higher levels of 
total VFA on diets 1 and 2 than on diet 3. The 
presence of lactic acid was not estimated in 
this study, but as a rule the bands of lactic 
acid were detectable on the chromatographic 
columns only in samples taken one or two 
hours after feeding on diets 1 and 2. Hypo- 
thetically, the low consumption rate of diets 1 
and 2 could be attributed to either of the fol- 
lowing factors: urea, sodium sulfate, excess of 
carbohydrates and a shortage of plant protein. 
The distribution and the total level of VFA 
presented in this study suggests that the 
breakdown products of glucose and starch in 
the rumen may well be responsible for the 
lower consumption rate of diets 1 and 2. 

Blood glucose levels were determined in ex- 
periments { and II. We are unable to explain 
the low values obtained in experiment II. Diet 
1 (glucose) produced a highly significant post- 
prandial increase in blood glucose in experi- 
ment I, but none in experiment II. Diet 3 
(soy-corn) consistently produced a significant 
postprandial increase in blood glucose. 

The data presented indicate that diets con- 
taining two carbohydrates and urea as a pro- 
tein replacement differed considerably from a 
diet containing soybean oil meal and corn in 
VFA distribution, total VFA levels, postpran- 
dial changes in blood acetone and blood glu- 
cose, and in consumption rate. There were 
differences between the carbohydrate sources 
in the distribution of VFA, and the levels of 
circulating acetone. These results suggest that 
the performance of ruminants on urea-con- 
taining diets is not exclusively a result of the 
presence of urea in such diets. Carbohydrates 
may be equally important factors in modify- 
ing the growth promoting value of urea- 
containing diets. 


Summary 


On diets containing soybean oil meal or 
urea and different carbohydrates nitrogen bal- 
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ances, urinary urea, blood urea, non-protein 
nitrogen, acetone and sugar and rumen volatile 
fatty acids, and consumption rates are re- 
ported for sheep. 

Moderate rumen ammonia levels were ob- 
tained when sheep consumed these diets but 
relatively high rumen ammonia values were 
obtained on the diets containing urea when the 
supplements were introduced into the rumen 
through a fistula, rather than fed. The recov- 
ery of only trace amounts of urea from rumen 
liquor under both conditions indicated a nearly 
quantitative disappearance of urea in the ru- 
men. The organic nitrogen contents of rumen 
liquor were not significantly different. This 
suggested that only small differences existed 
in the bacterial protein contents of rumen 
liquor on the diets studied. 

Differences between the diets were caused 
by the presence of glucose or starch. The as- 
sumption that the amounts of carbohydrates 
present in diets containing urea may be partly 
responsible for the low value of such diets, in 
addition to the relatively poor utilization of 
urea nitrogen, is offered as a working hypothe- 
sis for future studies. 
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CALCULATION OF FAT AND PROTEIN CONTENT OF BEEF 


FROM SPECIFIC GRAVITY AND MOISTURE *?” 


D. D. Breper,? R. L. SAFFLE,* AND L. D. Kamsrtra ? 
South Dakota State College, Brookings 


Ee practice effective quality control, it is 
desirable to have a rapid, inexpensive and 
accurate means of determining the moisture, 
fat and protein content of meat. Everson et al. 
(1955, 1956) and Maroney and Landmann 
(1959) have reported rapid methods for anal- 
ysis of fresh meat. However, noe rapid method 
for the determination of protein was found in 
the literature. 

Rathbun and Pace (1945), Messenger and 
Steele (1949), Saffle and Bratzler (1959), Lof- 
green and Garrett (1954), Breidenstein e¢ al. 
(1955), Backus (1958), and Orme e¢ al. 
(1958) found high correlations between spe- 
cific gravity and chemical analysis. The range 
in correlations found by these workers between 
specific gravity and moisture, fat and protein 
were, r=0.73 to 0.95; r= —.80 to —.97; 
and, r==0.68 to 0.95, respectively. The results 
of the work by these authors definitely showed 
that specific gravity might be used as a sub- 
stitute estimate for the chemical analysis of 
fresh meat. 


Material and Methods 


Twenty-eight fat samples for the determi- 
nation of the specific gravity of fat were ob- 
tained from 10 carcasses, with wide ranges in 
age and grade. The shoulder clod and heel of 


round from nine of these carcasses were used’ 


for determining fat and protein contents from 
the specific gravity measurements. In addition, 
the Longissimus dorsi muscles of the 9—10- 
11th rib section of 50 carcasses and 32 samples 
of ground beef, with widely varying fat, mois- 
ture and protein contents, were used for the 
same purpose. 

The specific gravity of the whole meat sam- 
ples (rib eyes and arm and heel cuts) was de- 
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termined by obtaining the air weight and the 
under-water weight of the samples. The tem- 
perature of the meat and water was 3°+1° C. 
After the samples were weighted in water, they 
were blotted dry to their original air weight, 
ground and sampled for chemical analysis. 
Part of each sample was placed in a bottle and 
stored in a freezer until chemical analysis 
could be made. Official methods of analysis 
(A.0.A.C., 1955) were used for moisture, fat 
and protein. Ten rib eye samples selected at 
random were also analyzed for ash content. 

The two groups of ground beef samples were 
placed in plastic bags and the specific gravity 
was determined in a manner similar to that for 
the whole meat samples. Samples for chemical 
analysis were taken prior to weighing in air 
and under water. Since the grinding process 
incorporated air into the meat, special tech- 
niques were used to remove the air before de- 
termining under-water weights. A vacuum was 
applied to the plastic bags in an attempt to 
remove the air from the first group of 22 
ground beef samples. The bags were then 
sealed and the specific gravities were deter- 
mined. Instead of applying a vacuum, water 
was added to each plastic bag of the second 
group of 10 samples with the expectation that 
it would displace the air in the ground beef 
and an accurate under-water weight would be 
obtained. The addition of water should not 
affect the weight of the meat in water. The 
clear plastic bags containing the meat sample 
and added water were weighed in water with 
exactly one-half inch of the bag extending 
above the surface. The flexibility of the plastic 
allowed the difference in water pressure to 
equalize the water level on the inside and out- 
side, a factor which was.essential in determin- 
ing an accurate weight. 

Fat was extracted with ether and the spe- 
cific gravity determined by the pyknometer 
tube method at 25°C. The factor of Lang 
(1944) was used to correct the specific gravity 
to 3° C. The individual values for the specific 
gravities of the fat samples were in a very nar- 
row range (extreme difference of 0.0020). 
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Thus, the average of the individual values was 
used. 

The specific gravity of protein was calcu- 
lated for the whole meat samples by the fol- 
lowing formula: 


sp. gr. meat—(% moisture X sp. gr. moisture) —(% fat sp. gr. fat) 


~ 100% —( % moisture+% fat) 


The average value obtained from the whole 
meat samples by this formula was considered 
to be the specific gravity of the protein and 
ash, and included experimental error. To de- 
termine the ash content by the method de- 
veloped in this study, additional calculations 
would be necessary. Since the ash content is 
low and relatively constant for all lean meat 
samples, these extra calculations would not be 
ordinarily warranted. 


Results and Discussion 


In order to calculate fat and protein con- 
tents from specific gravity, it was necessary to 
know the moisture content of the sample, 
which was determined by the toluene method. 
The specific gravity of fat and protein was 
found to be 0.9122 and 1.3118, respectively, 
while 1.0000 was used as the specific gravity 
of moisture. Fat and protein contents were 
then calculated by the following equation in 
which, W=percent moisture; F—percent fat; 
and, P=percent protein. 


(Sp. Gr. of FatxF)+(Sp. Gr. of ProteinxP)+ 
(Sp. Gr. of WaterxW)=Sp. Gr. of samplex 100. 


Example. Fat and protein content could be 
calculated from a sample of meat having a 
specific gravity of 1.0700 and a moisture con- 
tent of 70%, as follows: 


0.9122 F+-1.3118 P+-1 W=1.0700 100 
0.9122 F+-1.3118 P+1(70) =107.00 
0.9122 F+-1.3118 P=107.00—70 
0.9122 F+-1.3118 P=37.00 
0.9122 F+-1.3118 (30—F) =37.00 
0.9122 F+-39.35—1.3118 F=37.00 
0.9122 F—1.3118 F=37.00—39.35 

—.3996 F=—2.35 

F=5.88% 


P is equal to (100—W—F), thus in step five 
above 1.3118 P=1.3118 (100—70—F). 
Assuming that the specific gravity of mois- 
ture, fat and protein remain relatively con- 
stant, the above equation can be condensed to: 


—.3996 F=(Sp. Gr. of the samplex 100) —(W) — 
1.3118 (100—W) 
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Protein may be calculated by the same equa- 
tion given for the above example except solv- 
ing for P. The condensed equation would be: 


0.3996 P=(Sp. Gr. of the specific cut 100) —(W) 
—0.9122 (100—W) 


=sp. gr. of protein, ash and error 


For the preceding example, protein would be 
calculated as follows: 


0.3996 P=(1.07000x 100) —70—0.9122 (100—70) 
P=24.1% 


Since percent P included the ash content, 
and the ash content was found to be approxi- 
mately 1% for samples with a fat content of 
less than 10%, 1% was subtracted from per- 
cent P. Thus: 


24.10% —1%=23.10% protein. 


The percent ash subtracted from the cal- 
culated protein content was adjusted accord- 
ing to the fat content of the meat sample. For 
every 10% increase in fat content, the percent 
ash was decreased 0.10%. A sample containing 
over 10% fat was considered to contain 0.90% 
ash and a sample with 20% fat, 0.80% ash, 
etc. 

Table 1 shows the mean values for each of 
the four groups of meat samples. The calcu- 
lated fat and protein contents of the whole 
meat samples compared very favorably with 
the chemical analysis for fat and protein. The 
calculated fat contents of the ground beef sam- 
ples were considerably higher than the chem- 
ically determined fat contents. This indicated 
that there was considerable error in the under- 
water weight and that neither the vacuum 
method nor the addition of water adequately 
removed air from the ground beef samples. 

Table 2 shows the extreme differences in 
specific gravity, moisture, and chemically de- 
termined and calculated fat and protein con- 
tents of each group of samples. The rib eyes 
had a relatively small variation in specific 
gravity and in moisture, fat and protein as 
compared to the other sample groups. This 
may in part explain the small amount of varia- 
tion between calculated fat and protein and 
the chemically determined fat and protein. 
Total chemical analysis excluding ash was 
98.63% and the calculated analysis was based 
on 100% total analysis. Thus, an average of 
0.37% error was included in the calculated 
protein content of the rib eyes. The amount of 
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TEIN OF BEEF 


TABLE 1. MEANS OF SPECIFIC GRAVITY AND OF MOISTURE, FAT AND PROTEIN 


CONTENTS OF 


MEAT SAMPLES 



































Fat* Protein * 
No. of sic Sees 
Sample samples Sp. Gr. Moisture Det’d Cale’d Det’d Calce’d 
Yo Jo %o % Jo 
Rib eyes 50 1.0694 73.74 3.25 3.15 21.64 22.11 
Arm and heel 18 1.0414 61.99 18.96 19.78 18.04 17.89 
Ground beef 22 1.0138 65.82 13.55 23.21 19.78 10.10 
(Vacuum method) 
Ground beef 10 1.0012 63.77 16.24 27.99 18.49 7.38 
(Water added) 
® See text for methods of determination. fea Be 
TABLE 2. DIFFERENCES IN EXTREME VALUES OF SPECIFIC GRAVITY, 
MOISTURE, FAT AND PROTEIN * 
Fat” Protein” 
No. of 
Sample samples Sp. Gr. Moisture Det’d Cale’d Det’d Cale’d 
Jo %o % %o %o 
Rib eyes 50 0.0110 3.35 3.09 2.99 1.91 2.10 
Arm and heel 18 .0525 25.26 32.13 30.12 6.96 9.53 
Ground beef 22 .1180 27.39 34.49 50.17 7.48 22.08 
(Vacuum method) 
Ground beef 10 .1145 26.93 34.56 49.67 7.47 22.34 
(Water added) 





"© Extreme differences are calculated by subtracting the lowest 
component in each group of samples. _ 
See tey* for methods of determination. 


error varied for each of the samples within 
each sample group, but in each case it was 
included in the calculated protein content. 
The absolute variation of calculated fat and 
protein and determined fat and protein of each 
sample is shown in table 3. The various cor- 
relations between specific gravity and both de- 
termined and calculated constituents and be- 
tween chemical and calculated analyses are 


individual value from the highest individual value for each 


presented in table 4. The results shown in 
these two tables indicate the degree of accu- 
racy obtained for whole beef cuts when fat 
and protein are calculated from the proposed 
method. Probably this method could be re- 
fined further. 

The large variations between chemical and 
calculated analyses for ground beef samples 
are presented in table 3. These results show 


TABLE 3. VARIATION OF CALCULATED FAT AND PROTEIN FROM CHEMICALLY 
DETERMINED FAT AND PROTEIN 








Number of samples with variation over: 








Sample group Constituent 10% 3% 2% 1% 0.75% 0.50% 0.25% 
Rib eyes (50) * Fat 0 0 0 2 4 14 27 
Protein 0 0 0 6 14 27 37 
Arm and heel (18) Fat 0 2 4 8 11 13 15 
Protein 0 1 2 6 9 13 17 
Ground beef (22) Fat 6 22 at 
(Vacuum method) Protein 6 22 aa 
Ground beef (10) Fat 6 9 9 10 
(Water added) Protein 6 9 9 10 





® Number of samples in parentheses. 
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TABLE 4. SIMPLE CORRELATIONS OF SPECIFIC GRAVITY WITH DETERMINED WATER 
AND WITH DETERMINED AND CALCULATED FAT AND PROTEIN 

















Det’d Det’d 
Sp. gr. Sp. gr. fat protein Sp. gr. Sp. gr. 
Sp. gr. with with with with with with 
with det’d det’d cale’d calc’d cale’d cale’d 
Sample group water fat protein fat protein fat protein 
Rib eyes (50) » 0.03 * —.36 0.60 0.82 0.62 —.66 0.96 
Arm and heel (18) 0.89 —.90 0.92 0.98 0.81 —.96 0.94 
Ground beef (22) 0.85 -.86 0.76 0.96 0.82 —.98 -099 
(Vacuum method) 
Ground beef (10) 0.91 —.91 0.91 0.97 0.86 —.98 0.99 
(Water added) 
® This value was oak significant, All other values were highly significant at 1% level. 
» Number of samples in parentheses. 


that the specific gravity method for calculat- 
ing protein and fat is of little value for ground 
beef samples unless a method for removal of 
air is found. Correlations between chemically 
analyzed and calculated protein and fat of the 
second group of 10 samples were 0.96, 0.82, 
0.97 and 0.86, respectively (table 4). These 
high correlations indicated that the amount of 
error in each ground beef sample was rela- 
tively constant and that the use of a correction 
factor might be possible. 


Summary 


The possibility of using specific gravity to 
determine fat and protein contents of beef was 
investigated. It was necessary to determine 
the average specific gravity of beef fat and 
protein, and of the meat sample to be ana- 
lyzed. Fat and protein contents of 50 rib eyes, 
18 arm and heel cuts, and 32 ground beef sam- 
ples, were calculated from the specific grav- 
ities and moisture contents of the meat 
samples. 

Calculated fat and protein contents com- 
pared very favorably with the chemically de- 
termined fat and protein for the whole meat 
samples, but not for the ground beef samples. 
It was believed that in the grinding process 
the air incorporated into ground beef resulted 
in an inaccurate determination of specific grav- 
ity. Highly significant correlations between 
specific gravity and the various calculated 
values and chemical analyses were found for 
the ground beef samples. These correlations 
indicated that the amount of error in the 
ground samples was relatively uniform and a 
correction factor for the enclosed air might be 
developed. The high degree of accuracy for 
calculated fat and protein contents and the 
high correlations for the whole meat samples 


clearly showed the value of this procedure for 
calculating fat and protein contents from spe- 
cific gravity measurements. 
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A STUDY OF THE CALCIUM REQUIREMENTS OF PIGS 
WEANED AT THREE WEEKS OF AGE*? 


E. A. Rutvepce,? L. E. HANson AND R. J. MEADE 


University of Minnesota, St. Paul 


fhe quantitative requirement for calcium 
of 3- to 9-week-old pigs has not been well 
established. Most of the emphasis in studies 
on calcium requirements of swine has been 
placed on the needs of swine beyond 8 weeks 
of age. 

Wintrobe (1939) obtained good growth and 
normal health in 2- to 23-day-old pigs fed arti- 
ficial diets containing 0.94% of calcium and 
0.52% of phosphorus. He formulated his min- 
eral supplement on the basis of the ash con- 
tent of sows’ milk which was reported by 
Hughes and Hart (1935) to be 0.97%, or 
5.6% of the total solids. Of the solids, 1.2% 
was calcium and 0.46% was phosphorus. Kel- 
lerman e¢ al. (1943) reported satisfactory 
growth of weanling pigs (22 to 28 lb.) fed ra- 
tions containing 0.73% calcium and 0.41% 
phosphorus. However, critical studies have not 
been reported showing the calcium require- 
ments of pigs weaned at an early age. 

The purpose of this experiment was to study 
the calcium requirement of 3- to 9-week-old 
pigs fed a practical type ration. 


Materials and Methods 


Sixteen crossbred pigs (8 Yorkshire x Duroc 
and 8 Yorkshire x Chester White) were used 
in this study. The pigs were weaned at 2 weeks 
of age and fed a fortified liquid skimmilk diet 


for 3 days. The liquid diet was then gradually © 


replaced with dry feed so that the pigs were 
eating adequate amounts when placed on ex- 
periment at 3 weeks of age. The pigs were 
lotted on the basis of litter and sex and ran- 
domly assigned within treatments. Each pig 
was kept in a concrete-floor pen, 4 x 4’, 
throughout the trial. Feed was available, ad 
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libitum, and water was supplied by an auto- 
matic watering device. 

The composition of the diets is shown in 
table 1. Each batch of feed mixed was ana- 
lyzed for calcium (AOAC, 1955) and adjust- 
ment made as needed. Supplemental pulver- 
ized limestone was added to obtain the desired 
approximate levels of 0.4, 0.6, 0.8 and 1.0% 
dietary calcium. Phosphorus was maintained 
at approximately 0.6% of the diet (Fiske and 
Subbarrow, 1925) in order to insure adequate 
intakes, even though this procedure resulted 
in Ca:P ratios of 0.67 to 1.67. All diets were 
formulated to be adequate in other nutrients, 
particularly vitamin D, and sources of uniden- 
tified growth factors. Feed consumption and 
individual pig weights were determined at 
weekly intervals. The pigs were also observed 
daily for their well-being, and records were 
kept of any physical abnormalities. 

Blood samples (8 ml.) were obtained from 
the anterior vena cava of each pig at weekly 
intervals. The samples were stored at 35° F. 
until clotted at which time the serum was 
poured off for calcium and phosphorus de- 
terminations by the methods of Clark and 
Collip (1923) and Fiske and Subbarrow 
(1925), respectively. 

Both femurs and the humeri were recovered 


TABLE 1. COMPOSITION OF DIETS 











Calcium in diet, % 0.4 0.6 0.8 1.0 
Ingredients * 
Ground yellow corn 56.92 56.34 55.81 55.23 
Soybean oil meal, 44% 
solvent process 24.00 24.00 24.00 24.00 
Dried skim milk 10.00 10.00 10.00 10.00 
Dried whey 3.00 3.00 3.00 3.00 
Dried fish solubles 2.00 2.00 2.00 2.00 
Salt 0.40 0.40 0.40 0.40 
Trisodium phosphate» 2.80 2.85 2.85 2.90 
Pulverized limestone © 0.38 #%O.91 1.44 1,97 
Vitamin-trace element- 
antibiotic premix 4 0.50 0.50 0.50 0.50 
Av. calcium content, 
by analysis, % 0.401 0.584 0.819 0.995 





® All ro agen expressed in pounds, air dry feed. 
> Crystalline, technical grade, 8.01% phosphorus. 

© Elemental calcium, 39.2%. 

4 Supplied 4 mg. riboflavin, 8 mg. pantothenic acid, 18 mg. 
niacin, 20 mg. choline, 120 mcg. folic acid, 10 mcg. vitamin 
Biz, 1000 1.U. vitamin A, 540 I.U. vitamin De and 20 mg. 
chlortetracycline per pound of total feed and also supplied 
11 ppm. of supplemental zinc as well as other trace elements. 
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from each pig when sacrificed at 9 weeks of 
age. These bones were stored in polyethylene 
bags at —15° to —20° F. until analyzed. Cal- 
cium and phosphorus determinations were 
made on samples taken from the shaft of the 
left femur. Two cross-sectional samples 1 cm. 
in width were removed from the femur and 
wiped free of marrow by means of a cloth. The 
samples were ground through a Wiley mill 
(Screen No. 70) and dried in a vacuum oven 
(29 inches of mercury) at 70° C. for 24 hours. 
Fat was removed from the samples by extract- 
ing for 20 hours with 95% ethyl alcohol fol- 
lowed by 20 hours of anhydrous ether extrac- 
tion (AOAC, 1955). The bones were again 
dried and then ashed in a muffle furnace at 
550° C. for 17 hours. Calcium and phosphorus 
of the bone ash were then determined by 
AOAC (1955) and Cereal Laboratory Meth- 
ods (1941) respectively. X-ray studies were 
made on the femurs and humeri. The breaking 
strength of the humeri of each pig was deter- 
mined with an Amsler Universal testing ma- 
chine (accuracy +1.5 lb.). 


Results and Discussion 


The data in table 2 show that the levels of 
dietary calcium fed had no consistent effect on 
rate of gain, efficiency of feed utilization, or 
on blood serum calcium and phosphorus of 3- 
to 9-week-old pigs. 

Physical abnormalities were not apparent 
in the pigs with the exception of one pig on 
the low (0.4%) calcium diet. This pig de- 
veloped weakness in the forelegs, particularly 
in the pasterns, after 30 days on experiment. 
This condition did not appear to interfere with 
growth as the pig gained 1.13 lb. daily and at 
9 weeks weighed 56.5 lb. Analysis of the bone 
samples from this pig revealed a lower ash 
content and a lower percentage of calcium in 


TABLE 2. INFLUENCE OF CALCIUM CONTENT 

OF THE DIET ON GROWTH, AND ON SERUM 

CALCIUM AND PHOSPHORUS OF 3- TO 9- 
WEEK-OLD PIGS 





0.6 





Calcium in diet, % 0.4 








No. of pigs 4 4* 4 4» 
Av. Sah gain, Ib. $705. - 0:65: °@:92:) 3.87 
Feed/Ib. gain, Ib. aun 2s 2: Se 
Calcium intake/Ib. gain, gm. 4.02 5.61 7.87 8.96 
Av. calcium/100 ml. serum, mg.© 11.34 12.08 11.77 11.30 
Av. inorganic phos- 

phorus/100 ml. serum, mg.°* B39: 27.86; 3.31... 3.44 








*Data from one pig that died after 28 days on test 
omitted; autopsy indicated acute congestion of lungs 

> Data from one pig that died after 38 re on test 
omitted; autopsy showed generalized septicemia. 
e Average of six determinations per pig. 
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TABLE 3. INFLUENCE OF CALCIUM CONTENT 
OF THE DIET ON FEMUR ASH, ON CALCIUM 
AND PHOSPHORUS CONTENT OF THE FEMUR 
ASH AND ON BREAKING STRENGTH OF THE 
HUMERI OF 9-WEEK-OLD PIGS 











Calcium in diet, % 0.4 0.6 0.8 1.0 
No. samples 4 44 4 4b 
Ash content of femurs, % ¢ 62.91 64.43 65.43 66.26 


Calcium content of 
femur ash, % 

Phosphorus content of 
femur ash, % 

Breaking strength of humeri, 
Ib./sq. in. 233 267 303 


39.16 43.12 44.60 45.55 
20.70 22.45 22.24 23.11 
340 





“Data from one pig that died after 28 days on test 
omitted; autopsy indicated acute congestion of lungs. 

> Data from one pig that died after 38 days on test 
omitted; autopsy showed generalized septicemia. 

© On fat-free, moisture-free basis. 


the ash than was found in femur samples from 
other pigs fed the same diet. 

Data in table 3 show that there were no 
marked differences in ash, calcium and phos- 
phorus contents among femur samples due to 
treatment. However, the small differences were 
consistent and analysis of the data (Snedecor, 
1945) showed a highly significant (P<0.01) 
trend toward increased ash and calcium con- 
tent of the femurs as level of calcium increased 
from 0.4 to 1.0% of the diet. Highly signifi- 
cant (P<0.01) increases in the breaking 
strengths of the bones also resulted from in- 
creased levels of dietary calcium. 

Radiographs of the femurs and humeri re- 
covered when the pigs were sacrificed showed 
differences in bone density, calcium deposition 
and trabeculation which agreed closely with 
determinations made on breaking strengths of 
the humeri. Figure 1 shows radiographs of 
femurs of representative pigs fed at each of 
the four calcium levels. The general architec- 
























Figure 1. Femurs from 9-week-old pigs fed 
0.4, 0.6, 0.8 or 1.0% dietary calcium from 3 weeks 
to 9 weeks of age. 











tural pattern was uniform throughout all 
treatments. However, the trabeculations in the 
bones of those pigs fed diets containing 0.4 
and 0.6% of calcium appeared to be more 
prominent because calcium deposition was not 
as uniform throughout the medullary cavity. 
This was particularly evident in the epiphyseal 
regions. The zone of provisional calcification, 
particularly in the region of epiphyseal growth, 
was more prominent on the radiographs of the 
bones of pigs fed the 0.4 and 0.6% calcium 
diets than on those of pigs fed the diets con- 
taining 0.8 and 1.0%. As shown in figure 1, a 
general increase in bone density resulted with 
increased dietary calcium up to the maximum 
level fed. 

In view of the above mentioned results and 
the marked differences in bone calcification 
(figure 1), it is suggested that a dietary cal- 
cium level of 0.8% is near the minimum re- 
quired for normal bone development of pigs 
fed practical type diets during the period from 
3 to 9 weeks of age. This suggestion is in good 
agreement with results recently reported by 
Miller e¢ al. (1960) and Zimmerman e¢ al. 
(1960). 


Summary 


Sixteen crossbred pigs were individually fed 
practical type diets containing 0.4, 0.6, 0.8, or 
1.0% of dietary calcium and 0.6% phosphorus 
to obtain information about the calcium re- 
quirement of 3- to 9-week-old pigs. 

Highly significant linear trends toward in- 
creased ash and calcium content of femur bone 
samples and of breaking strengths of humeri 
resulted from increases in the level of dietary 
calcium. Rate of gain, efficiency of feed utili- 
zation and serum calcium and phosphorus 
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levels were not affected significantly by cal- 
cium content of the diet. No serious physical 
abnormalities were observed which interfered 
with growth of the pigs. Radiographs of the 
femurs and humeri indicated marked increases 
in degree of calcification and in bone density 
with increased dietary calcium. 

It is suggested that 0.8% dietary calcium is 
near the minimum required for normal bone 
development in pigs between 3 and 9 weeks of 
age, though higher levels may resuit in greater 
calcification and breaking strength of bones. 
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EFFECT OF A PITUITARY EXTRACT ON THE BOVINE 


CORPUS LUTEUM OF LATE PREGNANCY * 


R. G. ZrmBetmMan,? W. H. McSuan, W. J. TyLer anp L. E. Casipa 
University of Wisconsin, Madison 


HETHER anterior pituitary luteinizing 

hormone (LH) alone or in combination 
with follicle stimulating hormone (FSH) has 
a beneficial or a detrimental effect on the cor- 
pus luteum of the cow appears unpredictable 
on the basis of present information. Hisaw 
(1944) and Bradbury e¢ al. (1950) showed 
that chorionic gonadotrophin (HCG) from 
human pregnancy urine was capable of extend- 
ing the life of corpora lutea of monkeys and 
women. Consequently LH has been considered 
as the luteotrophic hormone in primates, since 
LH and HCG have several physiological prop- 
erties in common. 

Injections of LH or LH plus FSH, but not 
of FSH alone, caused marked involution of 
the corpora lutea which persist in hypophy- 
sectomized rats (Bunde and Greep, 1936; 
Greep, 1938). This destructive action of LH 
was exerted on those corpora lutea not main- 
tained by luteotrophin (Astwood, 1941). In- 
jection of LH or LH plus FSH could have an 
antagonistic effect in the cow similar to that 
found in the rat. On the other hand, it could 
have a maintaining effect on the corpora lutea 
as has been suggested for the primate. 

Knowledge of differences in the progestogen 
content of bovine corpora lutea under various 
experimental conditions and during various re- 
productive states (Loy et al., 1960; Zimbel- 
man et al., 1961a, 1961b) should aid in under- 
standing the relationship of pituitary hor- 
mones to the function of the corpora lutea. 
The ultimate goal is to know the effect of pure 
pituitary hormones, singly and in combination, 
on the corpus luteum. The supply of pure LH 
and FSH, however, is very limited. In addi- 
tion, the purity of a preparation relative to 
component hormones is expressed in terms of 
physiological effects in a laboratory test ani- 
mal and the physiological effects of a given 
combination may be somewhat different for 
the cow than for the test animal. It was pro- 
posed to make initial studies with an unfrac- 
tionated gonadotrophic preparation to deter- 
2 Paper from the Division of Genetics No. 774 and the 
Department of Zoology and Dairy Husbandry, published with 
the approval of the Director of the Agriculture Experiment 
Station. This work was done under a cooperative agreement 
between the Wisconsin Agricultural Experiment Station and 
the Dairy Cattle Research Branch, U.S.D.A. and is supported 


in part by this agency. 
2 Agent of the Dairy Cattle Research Branch, U.S.D.A. 
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mine the effects that could be demonstrated 
using the available techniques and end-points. 
The present experiment was designed to deter- 
mine the effect of a single intravenous injec- 
tion of unfractionated pituitary gonadotrophin 
on corpora lutea of cows (at approximately 8 
months of gestation). 


Material and Methods 


The gonadotrophic preparation used was the 
soluble fraction at pH 5 of an aqueous extract 
of acetone-dried sheep anterior pituitary 
glands (McShan and Meyer, 1943). This frac- 
tion contains almost all of the follicle stimu- 
lating activity and a major portion of the 
luteinizing activity of pituitary powder, but is 
virtually free of lactogenic activity. Other hor- 
mones are present to an unknown extent. If 
the entire extract prepared in this manner 
could be demonstrated to have a given effect, 
then further studies would seem desirable with 
purified fractions of the extract as they be- 
come available to characterize the compon- 
ent(s) giving the observed effect. The method 
of preparation of the pituitary extract was 
essentially the same as that used in the study 
of the effect of pituitary extract upon cystic 
ovaries and nymphomania in cows (Casida 
et al., 1944). 

One hundred milligram equivalents of dry 
tissue produced ovaries weighing, on the aver- 
age, 82 mg. when injected twice daily for 4.5 
days for a total of 9 injections into 21-day-old 
rats. The activity of the extract was tested 
further by injection into two heifers. Each re- 
ceived one intravenous injection of the prep- 
aration in 5 ml. of distilled water on day-11 
and the ovaries were removed on day-14 of 
the estrual cycle. One heifer received a dose 
of 1 gram equivalent while the other received 
a dose of 5 gram equivalents of dry powder. 
Each heifer had two freshly ovulated follicles 
and several large follicles in the ovaries. 

Twelve pregnant multiparous cows were 
used in this study; six received an intravenous 
injection of 5 gm. equivalents of pituitary ex- 
tract in 5 ml. of distilled water 72 hours or 
slightly less before slaughter and six, serving 
as controls, received no injection. The number 
of days pregnant when slaughtered ranged 




















from 233 to 244 in the control group and from 
234 to 246 in the treated group. The fetus, 
membranes, and fluids were examined at 
slaughter and all appeared normal. The ovaries 
were examined for grossly visible effects of 
gonadotrophic stimulation, then the corpora 
lutea were removed from the ovaries and 
weighed. These corpora lutea were analyzed 
for progestogen (method B) and for sterols 
by methods described by Zimbelman e¢ al. 
(1961). A small portion of the corpus luteum 
was fixed in Bouin’s solution for histological 
study. 


Results and Discussion 
No ovulations were found in any of the ani- 


mals and in general the ovaries lacked any , 


large follicles and appeared quite inactive. 
McNutt (1927) stated that large follicles were 
quite common during early pregnancy but 
seldom were found in late pregnancy in the 
cow; and, Cloete (1939) reported a progres- 
sive degeneration of large follicles in the ewe 
as pregnancy advanced. The decrease in the 
number of medium and large size follicles ap- 
pears to be due to the decreased production of 
gonadotrophic hormones by the bovine pitui- 
tary gland as pregnancy advances (Nalbandov 
and Casida, 1940). There apparently were ‘no 
follicles capable of responding to the single 
injection used in this study. Any effects noted 
on the corpus luteum are, therefore, uncompli- 
cated by the presence of a new corpus luteum 
as was formed in animals tested during the 
estrual cycle. The average corpus luteum 
weight of the treated animals was lower by 1 
gm. (6.18 vs. 7.20 gm.), but this difference 
was not statistically significant. 

There were two substances measured in the 
progestogen analysis; they are assumed to be 


progesterone and 4-pregnene-208-ol-3-one for ” 


reasons discussed in other papers (Loy et al., 
1960; Zimbelman e¢ al., 1961b). The sum of 
these two components will be referred to as 
total progestogen. Corpora lutea from control 
cows contained a mean of 5.0 mcg. 4-pregnene- 
208-ol-3-one per gram with a range of 1.7 to 
8.0, and a mean of 13.8 mcg. of progesterone 
per gram with a range of 8.4 to 23.4 (see 
table 1). In five of the six treated cows, only 
progesterone was detectable on the paper strips 
with concentrations ranging from 1.5 to 4.0 
mcg. per gram. The other corpus luteum con- 
tained 2.3 mcg. 4-pregnene-208-ol-3-one and 
13.2 mcg. progesterone per gram of tissue. 
The mean concentration for the six treated 
cows was 0.4 meg. 4-pregnene-20{-ol-3-one 
and 4.4 mcg. of progesterone. The total pro- 
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TABLE 1. EFFECT OF UNFRACTIONATED PI- 
TUITARY EXTRACT ON THE CORPUS LU- 
TEUM AT 233-247 DAYS OF PREGNANCY 











Comparison Control Treated 
Number of animals 6 6 
Corpus luteum weight, gm. 7.20 6.18 
Progestogen concentration * 

206-ol 5.0 4? 

Progesterone 13.8 4.4** 

Total 18.8 4.8** 
Progestogen content ° 

20B-ol 35.4 2,8°" 

Progesterone 100.8 29.6** 

Total 136.2 32.4** 
Cholesterol concentration * 

Free 2249 2255 

Esterified 54. 102 

Total 2302 2357 
Fast acting sterol conc." 

Free 57 60 

Esterified 8 10 

Total 65 70 





® Mcg. per gram fresh luteal tissue. 
» 4-pregnene-20f-ol-3-one. 
© Mcg. per gland. 
** Probability of difference between control and treated is 
less that 0.91. 


gestogen concentration for the controls was 
18.8 mcg. per gram, but was only 4.8 mcg. per 
gram in corpora lutea from injected cows. 
All differences in steroid concentrations were 
highly significant statistically (P<0.01). The 
total progestogen content per gland averaged 
32.4 mcg. for the treated group and 136.2 mcg. 
for the controls. 

There were no significant differences in 
either the free or total cholesterol or fast act- 
ing sterol (table 1). There were no marked 
histological differences between corpora lutea 
from control and treated cows. As in the 56- 
day pregnant group of another study (Zimbel- 
man e¢ al., 1961a), there were insufficient type 
I and II cells (Foley and Greenstein, 1958) to 
make any quantitative study of functional 
cells. The predominant cell types were again 
types III and IV with only an occasional type 
II; there was perhaps more conspicuous vacuo- 
lation of the luteal cells than at day-56 of 
pregnancy. 

The intravenous injection of pituitary go- 
nadotrophic extract had a very pronounced 
effect on the progestogen content of bovine 
corpora lutea without having any other obvi- 
ous effect on either the ovary or the corpus 
luteum. Since LH and LH plus FSH have 
been reported to be luteolytic in the hypo- 
physectomized rat (Bunde and Greep, 1936; 
Greep, 1938), the hypothesis that one or both 
of these components (LH and FSH) of the 
extract used in this study were responsible for 
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the observed effects is proposed. The effect 
of a relatively pure hypophyseal LH prepara- 
tion upon corpus luteum function and main- 
tenance should now be studied in the cow. 

In order to determine whether this is a per- 
manent effect, further studies should be made 
at times other than 72 hours after injection. 
Times later than 72 hours would be of par- 
ticular importance since the 1-gram lower 
mean weight of corpora lutea from treated 
cows might be an indication that certain ef- 
fects were only beginning to show up. The fact 
that there was no increase in cholesterol may 
be due to a species difference between the rat 
and the cow, or it might also be due to the 
time at which the effects were studied. Everett 
(1947) stated that the increased cholesterol in 
rat corpora lutea due to LH was apparent for 
only 48 hours. 

The study of McDonald e¢ al. (1953) would 
indicate that the bovine corpus luteum at 240 
days is not necessary for the maintenance of 
pregnancy. The progestogen content in the 
control animals is also lower than that found 
in unbred heifers (Loy et al., 1960) and in 
certain stages of early pregnancy (Zimbelman 
et al., 1961b). Thus, we might assume that 
these corpora lutea are functioning at a level 
somewhat lower than their maximum capacity. 
Studies of the luteolytic effect of LH or LH 
plus FSH in the rat were made by Greep 
(1938) on corpora lutea which were non- 
functional or functioning at a level too low 
to support deciduomata formation. The ef- 
fect on a corpus luteum functioning at a low 
level may not be the same as on one at a 
higher level. Thus, the effect of pituitary go- 
nadotrophins should also be studied on ani- 
mals during the estrual cycle and during early 
pregnancy. Such experiments offer a potential 
approach to more knowledge of factors con- 
trolling the estrual cycle and pregnancy than 
is now available. 


Summary 


A single intravenous injection of unfrac- 
tionated gonadotrophic extract from sheep pi- 
tuitary glands was given to six cows approxi- 
mately 72 hours before slaughter. Six unin- 
jected cows served as controls; both groups 
were slaughtered at 233-247 days of preg- 
nancy. There were no apparent effects of this 
injection on the fetus or on the status of the 
pregnancy. No obvious effects were visible 
from a gross study of the ovary or on the 
histological picture of the corpus luteum. The 
mean corpus luteum weight was 1 gm. lower 
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(6.18 vs. 7.20 gm.) in the treated group, but 
this difference was not statistically significant. 
A significant (P<0.01) decrease from 18.8 
mcg. per gram fresh tissue to 4.8 mcg. per 
gram occurred in total progestogen concen- 
tration, and total progestogen content per 
gland decreased from 136 mcg. in the unin- 
jected group to 32 mcg. in the group which 
received the gonadotrophin injection. Cho- 
lesterol levels were essentially the same in 
both groups. 
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EFFECT OF SACCHARIN AND SUCROSE ON THE 
PERFORMANCE OF YOUNG PIGS* 


S. M. AtpInceEr,? V. C. SPEER, V. W. Hays anv D. V. Catron ® 
Iowa Agricultural and Home Economics Experiment Station, Ames * 


EWIS e¢ al. (1955) and Diaz et al. (1956) 
reported that both gain and feed efficiency 
were improved as the level of sucrose in starter 
rations was increased from 0 to 15%. At a 
level of 15%, unrefined cane sugar produced 
gains and feed efficiency equal to refined 
sugar. 

Becker and Terrill (1954) reported that 
livability and weight gains of newborn pigs 
fed sucrose were unsatisfactory, and attributed 
this to their lack of ability to hydrolyze the 
glycosidic bond of sucrose. They found that 
in contrast to the newborn pig, the weanling 
pig utilizes sucrose efficiently, but has diffi- 
culty utilizing lactose when fed at a level of 
50% of the diet. However, Danielson e¢ al. 
(1957) demonstrated that the baby pig could 
satisfactorily utilize whey (70% lactose) when 
fed at a level of 71% of the diet. Hudman 
(1956) found that lactose at a level of 49% 
was the carbohydrate of choice of the baby 
pig. 

In preference studies conducted by Jensen 
et al. (1955), pigs offered choices of different 
levels of sucrose and 0.05% saccharin con- 
sumed nine times as much of a 20% sucrose 
ration as of the ration containing saccharin. 
Hanson e¢ al. (1954) conducted three pref- 
erence trials with three-week-old pigs offered 
rations containing no sucrose, 10% sucrose 
and saccharin equivalent to 10% sucrose in 
sweetness. The pigs preferred the ration con- 
taining 10% sucrose. Previous work at this 
station demonstrated that when given a choice 
pigs will consume greater quantities of a ra- 
tion containing saccharin than of an unsweet- 
ened ration (Aldinger e¢ al., 1959). 

The purposes of the experiments reported 
herein were (1) to study the effect of feeding 
soluble saccharin or sugar on performance of 
early weaned baby pigs and (2) to study cer- 
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tain factors which might affect the response 
to a sweetening agent in the diet. 


Experimental 


The animals used in these experiments were 
crossbred pigs from the mating of Farmers 
Hybrid boars to Poland China x Landrace x 
Duroc sows. They were housed in concrete- 
floored, central-heated buildings with heat 
lamps to provide additional heat when neces- 
sary. The pigs were self-fed, and automatic 
founts provided fresh water. They were given 
an iron pill at three days of age and again at 
the beginning of the experiment to prevent 
anemia and were administered hog cholera and 
erysipelas anti-serum at five days of age. Pig 
weight and feed consumption data were re- 
corded weekly. 

Pigs were allotted at random from initial 
weight outcome groups within replication in 
experiment I and from littermate outcome 
groups within replication in the other experi- 


TABLE 1. COMPOSITION OF STARTER 














RATIONS 
15% 
Ingredients Basal Sugar 
% %o 

Ground yellow corn 38.70 22.40 
ROME Prt sa Se TR ee ee 15.00 
Oat groats 20.00 20.00 

Solvent soybean oilmeal 
(50% protein) 23.00 25.70 
Dried whey (70% lactose) 10.00 10.00 
Fish solubles 2.50 2.50 
Stabilized lard 2.40 1.00 
Calcium carbonate 0.60 0.45 
Dicalcium phosphate . 1.60 1.75 
TIodized salt 0.40 0.40 
Trace mineral mix* 0.20 0.20 
Vitamin-additive premix ” 0.10 0.10 
Pepsin (1:3000) 0.50 0.50 
Total 100.00 100.00 





® Provided the following p.p.m. of diet: Fe, 140.8; Cu, 9.6; 
Co, 3.2; Zn, 163.2; Mn, 113.6. : 

> Supplied quantities to provide the following calculated 
amounts per pound of diet: vitamin A, 3170 I.U.; vitamin De, 
500 I.U.; riboflavin, 4 mg.; pantothenic acid, 8.2 mg.; niacin, 
26.2 mg.; choline, 582 mg.; vitamin Biz, 20 mcg.; folic acid, 
0.5 mg.;  chlortetracycline, 40 mg.; 3-nitro-4-hydroxy- 
phenylarsonic acid, 11 mg. 
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ments. The data were analyzed by analysis of 
variance and the statements concerning sta- 
tistical significance pertain to the probability 
level of 5% or less. 

The composition of the basal and 15% su- 
crose rations is shown in table 1. Different 
levels of stabilized lard were used to maintain 
iso-caloric rations. The rations were prepared 
and fed in the form of 3/16-inch pellets. De- 
scriptions of ration variables and variation 
in experimental procedures are presented with 
the results for individual experiments. 


Results 


Experiment I. Two hundred fifty-six baby 
pigs averaging 13.8 days of age and 9.2 lb. 
body weight were randomly assigned from 
weight outcome groups to a 4 x 4 factorial ar- 
rangement of treatments involving four levels 
of soluble saccharin (0, %4, % and 1 Ib./ton) 
and four levels of sucrose (0, 5, 10 and 15%) 
for a total of 16 ration treatments. Only 32 
pens were available at one time, therefore, 
two replications were conducted at each of two 
different times. 

Averaged across all levels of saccharin there 
was no consistent improvement in the rate of 
gain with increasing levels of sucrose. Al- 
though there appeared to be a response to 
sucrose at the lower levels of saccharin (0 
and % lb./ton), this apparent saccharin and 
sucrose interaction was not statistically sig- 
nificant. There was an apparent increase in 
total gain and a statistically significant im- 
provement in feed efficiency with increasing 
levels of saccharin. The results are presented 
in table 2. 

Experiment II. Sixty pigs averaging 14.0 
days of age and 10.7 lb. body weight were se- 
lected and randomly assigned from outcome 
groups of littermates to a randomized block 


TABLE 2. SUMMARY OF AVERAGE TOTAL 
4-WEEK GAINS AND FEED REQUIRED PER 
POUND OF GAIN. EXPERIMENT I 











Level Level of sucrose (%) 
of saccharin —_—_ Av. effect 
(Ib./ton) 0 5 10 15 of saccharin 
Average total 4-week gain (Ib.) 
.] 14.2 15.0 15.2 16.0 15.1 
Y% 14.6 14.8 15.7 15.1 15.0 
y 16.2 14.5 15.7 16.7 15.8 
1 17.9 13.9 16.2 16.1 16.0 
Av. effect of sucrose 15.7 14.6 15.7 16.0 gare 
Feed/Gain (1b.) 
0 1.356. 4.63 1.57. 1.88 1.55 
% 1.47 1.52 1.33 1.53 1.51 
y 1.51 1.54 1.45 1.47 1.49 
1 1.50 1.50 1.50 1.47 1.49 
Av. effect of sucrose 1.52 1.52 1.51 1.50 ore 
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design; four pens of three pigs each and two 
pens of four pigs each were subjected to each 
of the three ration treatments. The ration 
treatments were the control (unsweetened), 
1 Ib. saccharin per ton, and 15% sucrose. One 
pound of saccharin per ton resulted in only 
a slight improvement in gains (0.4 Ib.) 
whereas 15% sucrose resulted in an average 
of 1.4 lb. improvement in gains, as compared 
with the performance of the pigs on the con- 
trol ration, and the most efficient feed con- 
version (figure 1). 














20} 
15.6 16.0 !7.0 
GAIN 
(ib.) OF 
= 
fe) i 
Sacch.(Ib./Ton) O ! 0 


Sugar(%) 


0 fe) 15 
0.5 
1.OF 
SP sa io ( 


Figure 1. Effect of saccharin and sugar on 
total 4-week gains and feed required per pound 
of gain (Exp. IT). 
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Experiment III. Three hundred sixty cross- 
bred and Landrace baby pigs averaging 25.7 
days of age and 14.5 lb. of body weight were 
randomly assigned from outcome groups of 
weight within litter to a randomized block de- 
sign. Fifteen pens of eight pigs each were sub- 
jected to each of the three ration treatments 
described in the previous experiment. This 
experiment was conducted on a commercial 
swine farm and all pigs were housed in the 
same building. In this experiment the inclu- 
sion of soluble saccharin or 15% sucrose in 
the ration failed to improve rate of gain or 
feed conversion (figure 2). Older pigs (averag- 
ing 25.7 days) were used in this experiment, 
and age may partially explain their lack of 
response to a sweetened diet. An indication of 
this was the weight gains of seven of the 
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Figure 2. Effect of saccharin and sugar on 
total 4-week _ and feed required per pound 
of gain (Exp. III). 


lightest replications. These lighter weight and 
younger pigs fed the rations containing sac- 
charin gained 1 lb. more than the controls; 
however, those on the diet containing 15% 
sucrose gained 1 Ib. less than the controls. 
Experiment IV. One hundred twenty-eight 
baby pigs were selected and randomly assigned 
by weight within litter to a split plot design 
in which the main plots were age of pig, and 
the sub-plot treatment consisted of levels (0, 
1, 2 and 4 lb./ton) of soluble saccharin. Four 
pens of four pigs each, at each of the two 
ages, were subjected to each of the four ration 
treatments. The initial age and weight of the 
younger pigs was 14.8 days and 9.2 Ib. re- 
spectively, and of the older pigs, 29.1 days 
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Figure 3. Effect of age on response to levels 
of saccharin (Exp. IV). 
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and 11.8 lb., respectively. All pigs were weaned 
at an average of 14.8 days; however, the pigs 
started on experiment at 29.1 days of age were 
fed the control ration from weaning until they 
reached that age. 

There was a trend toward improvement in 
weight gain with increasing levels of saccharin 
in both age groups of pigs (figure 3). Four Ib. 
of saccharin per ton of feed resulted in the 
most rapid gains for the pigs started on experi- 
ment at 2 weeks of age; whereas, 2 lb. of 
saccharin per ton resulted in maximum gains 
for those started on experiment at 4 weeks of 
age. Feed conversion improved with increased 
levels of saccharin (P==0.05). 

Experiment V. Eighty crossbred pigs aver- 
aging 13.6 days of age and 8.6 lb. body weight 
were randomly assigned from littermate out- 
come groups to five replications of a random- 
ized block design. The four ration treatments 
were identical to those used in the previous 
experiment; and, the trends (figure 4) of re- 
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Figure 4. Effect of levels of saccharin on total 
4-week gains and feed required per pound of 
gain (Exp. V). 


sults were similar. The linear component of 
body weight gains on saccharin levels ap- 
proached statistical significance, and feed re- 
quired/Ib. of gain was significantly improved. 

Experiment VI. The effect of storage of ra- 
tions containing saccharin or sugar on the per- 
formance of baby pigs was studied in this ex- 
periment. Eighty-four baby pigs averaging 
16.0 days of age and 10.5 lb. body weight 
were randomly assigned from littermate out- 
come groups to a randomized block design. 
Two pens of three pigs each and two pens of 
four pigs each were subjected to each of the 
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Figure 5. Effect of storing feed for 6 months 
(stale feed) and saccharin and sugar on total 
4-week gains and feed required per pound of 
gain (Exp. VI). 


six ration treatments. The rations used in this 
experiment were identical with those used in 
experiment II except that half of each was 
mixed, pelleted and stored for a period of 6 
months in a building maintained at 75° to 
85° F. The other half was mixed and pelleted 
just prior to the beginning of the experiment. 
Thus, there were three ration treatments at 
each of the two lengths of storage time. The 
results (figure 5) showed a significant decrease 
in weight gains of the baby pigs fed the ra- 
tion stored for 6 months as compared with 
those on freshly prepared rations. Also storage 
resulted in an increase in feed required per 
lb. of gain. Performance of the pigs on the 
three ration treatments of the fresh rations 
was very similar; whereas, there was an ap- 
parent but not statistically significant im- 
provement from both sucrose and saccharin 
in the stored rations. The interaction of length 
of storage and ration treatment was not sta- 
tistically significant. 

Experiment VII. Seventy-two crossbred pigs 
averaging 9.4 lb. of body weight and 15.6 
days of age were randomly assigned from out- 
come groups of weight within litter to a ran- 
domized block design. Three ration treatments 
were used under two different temperature 
conditions making a total of six treatments. 
Three pens of four pigs each were sub- 
jected to each of the six treatments. The 
temperature in half the building was allowed 
to fluctuate with the outside temperature ex- 
cept on cool days when the temperature was 
artificially brought up to 85° F. in the after- 
noons. The temperature in the other half of 
the building was maintained continuously at 
65° F. 

Saccharin (1 lb./ton) resulted in an average 
improvement in weight gains of 1.3 lb./pig 
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as compared to an average improvement of 
0.4 lb./pig for sucrose. A slight improvement 
in feed efficiency was also noted for both the 
saccharin and sugar containing rations. How- 
ever, the differences in gains or feed efficiency 
were not statistically significant. The lower 
and constant temperature resulted in a sig- 
nificant improvement in weight gain (2.1: 
lb./pig) and a slight (0.04 lb. of feed per lb. 
of gain) but not statistically significant im- 
provement in feed efficiency. These results are 
presented in figure 6. 

Experiment VIII. Seventy-two crossbred 
pigs averaging 11.9 days of age and 9.4 lb. 
body weight were randomly assigned from 
outcome groups of littermates to a randomized 
block design. The six treatments were similar 
to those described in the previous experiment, 
being made up of three ration treatments and 
two temperature conditions. The ration treat- 
ments differed from those in the previous ex- 
periment in that the ration containing 15% 
sucrose contained no dried whey and the other 
two rations contained 15% dried whey instead 
of the 10% included in the ration for the 
previous experiments. Again half of the pigs 
were subjected to a constant room tempera- 
ture of 65° F. and the other half to a room 
temperature of 85° F..during the day and 
75° F. during the night (8:00 p.m. to 8:00 
a.m.). As shown in figure 7, the temperature 
treatments imposed had no apparent effect on 
performance of the pigs. This is contrary to 
the results of the previous experiment. How- 
ever, this experiment was conducted during 
the winter months and the relative humidity 
was much lower than that in the previous ex- 
periment; also, the pigs at the higher tempera- 
ture were not exposed to temperatures above 
85° F. 
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Figure 6. Effect of temperature, sugar and 
saccharin on total 4-week gains and feed re- 
quired per pound of gain (Exp. VII). 
































(J - AIR CONDITIONED | Av. EFFECT OF: 
Za+ " : | TEMP, —- TREAT. 
1SrF ise ‘ua 
GAIN 9 ee oe 
(1b) 10F ' 
5} 
Socch{Ib/Ton) O ! 0 ee 010 
Sugar(%) ° ° 15 0018 
1.0} ' 
F/G 
(1.) '-SF este ain rT ell cacao 








Figure 7. Effect of temperature, sugar and 
saccharin on total 4-week gains and feed re- 
quired per pound of gain (Exp. VIII). 


There was an apparent temperature and 
ration treatment interaction (approached sig- 
nificance) which was primarily accounted for 
by the improvement of gains on the sucrose 
rations under low temperature conditions and 
a depression in gains on the sucrose rations 
under the high temperature conditions. Av- 
eraged across temperature, pigs consuming 
the non-sweetened ration gained more rapidly 
on less feed per Ib. of gain than those on the 
sweetened rations. 


Discussion 


Experiment I indicated there was an in- 
crease in total weight gain with an increase in 
saccharin levels from 0 to 1 lb. per ton of 
ration. This was supported by a statistically 
significant decrease in feed required per pound 
of gain. The highest level of saccharin used 
in this experiment was 1 lb. per ton of ration 
because this was equivalent in sweetening 
power to 15-20% sucrose which had given 
optimum performance according to Diaz et al. 
(1956). However, later experiments (pooled 
data from experiment IV and V) showed a 
linear increase (P=0.06) in weight gain 
and a significant improvement in feed effi- 
ciency (P=0.01) with increasing levels of 
saccharin from 0 to 4 Ib. per ton of ration. 

Observations on the seven light weight rep- 
lications compared with the eight heavy weight 
replications in experiment III were indicative 
of an age or weight factor concerned with the 
effectiveness of saccharin. 

Experiment IV was designed to test the im- 
portance of age of the pig (two vs. four weeks 
of age) on response to saccharin. Although 
there was a trend toward an improvement in 
baby pig performance with increasing levels 
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of saccharin this response in the two-week- 
old pigs was not statistically significant. 

Another factor which appears to be of im- 
portance in palatability work is the age of 
the feed (length of time in storage). In ex- 
periment VI baby pigs fed rations that had 
been stored for 6 months gained significantly 
less than pigs fed similar rations freshly pre- 
pared. 

The environmental conditions to which the 
baby pigs is subjected can markedly influ- 
ence not only the total weight gain but also 
the treatment response. High temperature 
(85° F.) does not appear to be as harmful 
to the baby pig from two to six weeks of age 
as does a combination of high temperature and 
high humidity. In experiment VII, pigs gained 
significantly faster under constant tempera- 
ture conditions (65° F.) than under condi- 
tions of uncontrolled and usually higher tem- 
perature (85° F.) and average relative hu- 
midity of 70%. However, in experiment VIII, 
a temperature of 75°-85° F. with a low rela- 
tive humidity of 30% produced no adverse 
effects on weight gain response. This work 
would indicate that the young pig can tolerate 
a fairly high temperature (85° F.) so long as 
the relative humidity is low. 

Sucrose resulted in an improvement in baby 
pig performance when the rations also in- 
cluded whey, whereas replacement of whey 
with sucrose resulted in decreased perform- 
ance. This is in agreement with the work of 
Hudman (1956) which showed that lactose 
is the carbohydrate of choice in starter rations 
for early weaned pigs. 


Summary 


Eight experiments involving 1,112 baby 
pigs were conducted to study the effect of 
soluble saccharin and cane sugar in pig starters 
on performance. In the first experiment, levels 
of saccharin and sugar were studied and maxi- 
mum gains were obtained on the ration which 
contained one pound of saccharin per ton; 
however, two subsequent experiments failed 
to show this advantage. Therefore, several in- 
vestigations were conducted in an attempt to 
explain these results. 

A temperature and ration treatment inter- 
action was indicated, which made it appear 
that rations containing sugar resulted in op- 
timum performance under conditions of cooler 
temperature. A response to saccharin or sugar 
was observed when rations which had been 
stored for a period of 6 months were fed; this 
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response was less apparent with freshly pre- 
pared rations. Pigs 2 weeks old showed a 


greater response to saccharin than pigs 4 
weeks old. 
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FACTORS INFLUENCING COMPARISONS OF HEREFORD 


BULLS FOR RATE OF GAIN '* 


Donatp B. Moorr, H. H. STONAKER AND KENT RIDDLE 
Colorado State University, Fort Collins 


N many studies, rate of gain has been 

shown to have a high heritability (Spector, 
1956) and to be genetically correlated with 
efficiency of feed use (Carter and Kincaid, 
1959, Lickley, e¢ al. 1960). Efficiency of feed 
use is known to be an important variable in 
determining net returns in cattle production 
(Lindholm and Stonaker, 1957). Thus it is 
widely accepted that considerable progress 
can be made in the economy of the beef cattle 
industry by the use of sires that gained well 
on performance test. 

State, federal and private groups have ini- 
tiated beef cattle performance tests. A group 
of breeders organized the Performance Reg- 
istry International which provides a registry 
for cattle attaining certain levels of gain under 
specified feeding regimes (American Beef 
Cattle Performance Registry Association, 
1955). Standard registration requirements 
prevail for gaining ability; although it would 
seem that this is done in face of the likelihood 
that wide variations in gain must exist because 
of the effects of climate, management and 
other environmental variables. The literature 
is scanty on the effects of such variables on 
rates of gain in beef bulls. Obviously such in- 
formation is needed in view of the wide use of 


gaining ability as one important criterion for 


selection. 

The purpose of this study was to evaluate 
the effects of measurable environmental and 
genetic variables on rates of gain in beef bulls 
at the Colorado Agricultural Experiment Sta- 
tion. While the data were taken at this one 
location, the degree to which these variables 
may affect gain within one herd should throw 
some light on the broader problem. If rate of 
gain is appreciably affected by the variables 
studied within this herd they will bear im- 
mediately on decisions in comparing or select- 
ing performance tested bulls. 


1 Approved for publication as scientific paper S.S. 683 of 
Colorado Agricultural Experiment Station. A phase of the West- 
ern Section Project W-1 in OY em with the Animal Hus- 


bandry Research Division, U.S.D.A 
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Procedures and Analysis 


The bulls were calved at the San Juan Basin 
Branch of the Colorado Agricultural Experi- 
ment Station during the years 1948 to 1956. 
The calving seasons began in March and 
lasted into June. The calves were allowed to 
run on pasture with their dams until weaning 
in late fall. Following weaning they were full-— 
fed hay as a group for 4 to 6 weeks preceding 





{ 


112-day individual feed tests. The calves were y, 


randomly assigned to the various pens and 


stall positions. They were individually self-fed \ 


a ration of chopped hay mixed with rolled 
grains, beet pulp and a protein supplement. 
In early years alfalfa hay was fed, but, due 
to a high incidence of bloat, grass hay has 
been fed in recent years. The bulls were tied 
to the self-feeders at night and shut off feed 
during the day. No selection or castration was 
practiced among the bull calves; all were 
placed on feed test. Data from comprest type 
animals, however, were excluded from this 
study. The calves used in this study were pro- 
duced from inbred, linecross and control 
groups. Sires of the calves were from 12 inbred 
lines and a control line. The inbred sires were 
bred to related mates to produce the inbred 
calves and concurrently with linecross cows 


TABLE 1. PRELIMINARY ANALYSIS OF VARI- 

ANCE OF FEEDLOT GAINS OF YEARLING 

BULLS AS AFFECTED BY LINE, YEAR, IN- 
BREEDING, PEN AND STALL LOCATION 











Mean 

Source d.f. square 
Total 413 ree 

Line of sire 12 1.39%" 
Error 401 0.18 

Vear 8 3.00** 
Error 405 0.16 

Inbreeding 4 1.92** 
Error 109 0.20 
Pen 9 0.33 
Error 404 0.21 
Stall position 2 0.45 
Error 411 0.21 





** Significant at .01 level. 





256 


TABLE 2. OVERALL PHENOTYPIC CORRELA- 
TIONS BETWEEN DAILY GAIN, _ INITIAL 
WEIGHT, GRADE, AGE AND INBREEDING 











Item Weight Age Grade Inbreeding 
Gain 0.53** 0.40** 0.09 —,.18** 
Weight 036" 0.43** —.30°* 
Age pee re. 0.16** 0.05 
Grade eee at —.25** 





** Significant at .01 level. 


to produce the linecross calves. Controls were 
produced each year by mating a newly intro- 
duced outbred bull to outbred cows. 
Inbreeding was computed by Wright’s 
formula (Wright, 1922) and grouped into 
increments of 10%. This was done so as to 
identify more easily non-linear deviations in 
weaning weights due to varying inbreeding 
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effects. Weaning grades were given to the 
calves at weaning time on the basis of the 
standard market grades. Initial age was the 
age in days when placed on test. Initial weight 
consisted of the average of two weights taken 
on the first two days of the test period. 

The factors studied were each tested for 
their effects on gain in a preliminary analysis 
either by analysis of variance (table 1) or by 
correlation (table 2). Daily gains as influenced 
by line of sire, years, inbreeding, initial age 
and initial weight were found to be significant. 
Daily gains were not significantly associated 
with the pens in which the bulls were fed or 
location of the self-feeders within the barns. 
Weaning grades were not significantly corre- 
lated with daily gains. The significant fac- 
tors (table 3) were arranged in 30 simultane- 
ous equations using the least squares principle 


TABLE 3. NUMBERS OF BULLS IN THE VARIOUS CATEGORIES WITH MEAN AGE, 
WEIGHT, DAILY GAIN AND FINAL ESTIMATES OF CONSTANTS 











Number Average Average Average Estimate of 
Variable or total initial age initial weight daily gain effect on gain 
days lb. lb. lb. 
All bulls 414 276 457 2.55 2,16" 
Year 
1949 18 307 554 3.21 +0.40 
1950 40 294 465 2.79 +0.19 
1951 38 262 454 2.20 —.41 
1952 39 274 509 2.89 +0.17 
1953 53 284 442 2.56 +0.06 
1954 56 282 440 2.39 —.22 
1955 63 275 435 2.56 +0.05 
1956 53 276 441 2.57 +0.09 
1957 54 250 422 2.30 —.33 
Inbreeding 
0.00-0.09 205 274 472 2.58 —.01 
0.10-0.19 42 289 506 2.88 +0.06 
0.20-0.29 70 276 436 2.48 0.00 
0.30-0.39 72 276 441 2.44 —.03 
0.40-up 25 268 381 2.29 —.03 
Line of sire 
Animas 12 283 395 2.28 —.05 
Bonanza 19 263 420 pi | +0.13 
Brae Arden 47 280 459 2.69 +0.16 
Colorado 47 274 452 2.29 —.24 
Don 33 270 466 2.34 —.15 
Ft. Lewis 30 277 426 2.45 0.00 
LaPlata 32 283 475 2.52 —.16 
Mesa 19 249 396 2.14 —.35 
Monarch 17 290 450 2.64 +0.07 
Prospector 40 272 475 2.68 +0.02 
Royal 65 281 485 2.79 +0.20 
San Juan 44 279 471 2.74 +0.21 
Control 9 271 418 2.49 +0.15 
Age 
Effect of one day 114232 276 457 2.55 — .0029 
Initial weight 
Effect of one pound 189113 276 457 2.55 +0.0026 





* uw, intercept of Y axis. 
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as described by. Hazel (1946). The mathe- 

matical model used in this study was: 

Bina=e + Sit V5 + f+ Di Asgu + De W ijn + Crna 
where, 

Bija-—the estimated daily gain in pounds of 
the Ith animal, from the ith sire line, 
fed in the jth year, with the kth percent 
of inbreeding, with the Aj;th initial 
age and with the W;,;,th initial weight. 

p==the intercept of the “Y” axis. It is as- 
sumed to be free of the effects of non- 
random distributions of the variables 
under study. 

s;—=the effect of the ith line of sire. 

yj=the effect of the jth year. 

{=the effect of the kth percent of inbreed- 
ing. 

b,=the partial regression of rate of gain 
on initial age. 

Aiyx==the initial age in days of a given animal. 

bo=the partial regression of rate of gain on 
initial weight. 

Wij.=the initial weight in pounds of a given 
animal. 

€ijx1==the error term. It measures the varia- 
tion about » that can not be attributed 
to Si, Yj, fx, bi Aix or boWijx- In the 
analysis, it was assumed that the values 
for eijx; were distributed normally and 
independently with a mean=0 and 
variance=o”. According to Hazel 
(1946) the least squares procedure 
provides estimates of the variables in 
such a manner that %(e)? is a mini- 
mum, in comparison with any other set 
of additive or linear variables with O 
as a limiting value. 


In this analysis it was assumed that all 
effects were additive and that interaction was 
unimportant or did not exist. 

The least squares equations were solved and 
the constants computed by the absorption- 


TABLE 4. SIGNIFICANCE OF REDUCTION IN 
VARIANCE DUE TO THE FITTING OF 











CONSTANTS 
Mean 
Source dfs square 
Total 413 nes 
Total reduction 26 1.99** 
Year 8 1.82%" 
Inbreeding 4 0.04 
Line of sire 12 2.04** 
Initial age 1 0.66** 
Initial weight 1 7.82 
Residual (error) 387 0.09 





** Significant at .01 level. 
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iterative method as presented by Henderson 
(1948) and described in detail by Landblom 
(1954). The constants derived from the solu- 
tion of these equations appear in table 3. 
The constants were tested for significance 
by analysis of variance (table 4). Line of sire, 
year, initial age and initial weight were highly 
significant. Inbreeding lacked significance. 


Discussion 


In this study, constants were derived for 
the effects of certain environmental and ge- 
netic factors on rates of gains in Hereford 
bulls. The constants developed measure the 
average deviations about the mean daily gain 
for each of the factors. For example: the devi- 
ation from the mean daily gain due to the 
environmental effect of the year 1949 is 0.40 
pounds of daily gain. This can be interpreted 
as meaning that the 18 bulls fed in the year 
1949 gained an average of 0.40 pounds per 
day more than the average daily gain of the 
414 bulls fed in all 9 years studied for reasons 
other than inbreeding, initial age, initial weight 
or line of sire. 

At the beginning of this study it was hoped 
that the constants shown in table 3 might be 
used to adjust the daily gain of an animal 
for some of the environmental conditions un- 
der which gain was determined. In order to 
adjust daily gain, the constants for the year, 
inbreeding and sire should be added to or 
subtracted from the daily gain of each animal. 
For the factors of age and weight, the daily 
gains are adjusted to the average initial age 
and average initial weight of all animals ac- 
cording to the respective regression constants. 
Thus, a younger bull than average would have 
his daily gain adjusted downwards by the 


‘ product of the b; constant and the difference 


between his initial age and the average initial 
age of all bulls. 

It shouid be noted that the constant for » 
is considerably less than the average daily 
gain (table 3). This is because p is the inter- 
cept of the “Y” axis and therefore gives the 
average daily gain with all factors equal to 0. 
When adjusted for the average initial age and 
average initial weight » becomes 2.57 which 
is very close to the average daily gain of 2.55. 
pw is not adjusted for s;, y; or f, as their sums 
are 0. 

The different pens and stall positions within 
the barns were not significant in their effects 
on rate of gain (table 1). It may be assumed 
that the environmental differences between the 
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various pens and stall positions within the 
barn were not great enough to significantly 
affect the daily gains of the animals on test. 

The constants for the lines of sires varied 
from —.35 for the Mesa line to 0.21 for the 
San Juan line (table 3.). While the literature 
does not include studies concerning the effects 
of line of breeding on rate of gain, it does 
contain many estimates of heritability for 
rate of gain, which indicate large effects of 
individual sires on gain of their offspring. 

There was a considerable spread among the 
estimates for year effects on daily gain. The 
constants ranged from —.41 for 1951 to 0.40 
for 1949. It is assumed that these constants 
were descriptive of the external environment 
and whatever genetic shifts may have oc- 
curred. 

These constants are indicative of years in 
the past and cannot be projected into the 
future, but they would dictate that compari- 
sons be made only within years. 

These results are substantiated by several 
authors. Shelby e¢ al. (1955) found highly 
significant year differences for 635 Hereford 
steers fed over a 10 year period. Koch and 
Clark (1955) also found year differences to 
be highly significant in a study of 1,694 calves 
in the period from 1929 to 1951. 

A partial regression of 0.0026 was derived 
for rate of gain on initial weight and was 
found to be significant. This would indicate 
that if one animal were 100 pounds heavier 
than another, the heavier one would be ex- 
pected to gain almost 0.3 pound more per day 
on feed test. Such differences would almost 
certainly influence selections. This partial re- 
gression contrasts markedly with one of —.014 
reported by Pierce et al. (1954). 

A significant partial regression of —.0029 
was obtained for the effect of initial age on 
rate of gain. This is large enough that differ- 
ences in initial age also would almost certainly 
affect selections of performance tested bulls 
for rate of gain, as a bull 60 days older than 
average could be expected to gain nearly 0.2 
pounds per day less than average if initial 
weight in constant. This partial regression of 
rate of gain on initial age of —.0029 is opposite 
in sign from those reported by Dahmen and 
Bogart (1952) and Pierce et al. (1954). The 
former reported a partial regression for rate 
of gain on age-on-test of 0.0046. The latter 
report partial regressions for rate of gain on 
age-on-test of 0.044 for stall-fed animals and 
0.36 for lot-fed animals. 

It is interesting to note that while there is 
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a correlation of 0.56 (table 2) between initial 
age and initial weight, the partial regression 
of rate of gain on initial weight is positive and 
on initial age is negative (table 3). It must 
be remembered that in table 3 the values are 
partial regression so that all other variables 
are statistically constant. Therefore, if two 
animals were placed on test at the same initial 
weight the younger one would be expected 
to gain more. Or if they were the same age 
the heavier one would be expected to gain the 
more rapidly. Combining the two factors, it 
would mean that the animals that had the 
highest pre-test weight for age would be ex- 
pected to make the greater gains on feed test. 
If the adjustments indicated in this study were 
made for initial age and initial weight, it 
would appear that some of the variations in 
genetic ability of the bulls to gain would be 
removed. It would seem then that adjustments 
should not be based on initial age and initial 
weight effects as herein estimated. 

Inbreeding effects when considered inde- 
pendently of year, initial age and weight were 
neither large nor significant and, in them- 
selves, apparently would not be worth con- 
sidering in comparing bulls’ records. Since in- 
breeding was correlated with initial weight, 
the effects of the 2 factors should have been 
separated in this type of analysis. 


Summary 


The purpose of this study was to evaluate 
and compute constants for the effects of cer- 
tain environmental and genetic factors on the 
rates of gain of performance tested bulls. It 
was desired that these constants might sug- 
gest adjustments for rates of gains of bulls 
for variations in the factors studied. It is be- 
lieved this goal was not accomplished in this 
analysis because of inability to separate the 
genetic and environmental components of 
variation in initial weight and age as they 
affect rate of gain. 

The factors studied were: line of sire, year, 
inbreeding, pen, stall position in the barn, 
weaning grade, initial age and initial weight. 

The data were based on observations from 
414 conventional type, purebred Hereford 
bulls fed during the years 1949 to 1957 at the 
San Juan Basin Branch of the Colorado Agri- 
cultural Experiment Station. 

In preliminary analyses of variance and 
correlation, daily gain as influenced by line 
of sire, year, inbreeding, initial age and initial 
weight were found to be significant. Daily 
gains were not significantly associated with 
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the pens in which the bulls were fed or loca- 
tions of the self-feeders within the barns. 
Weaning grades were not significantly cor- 
related with daily gains. The significant fac- 
tors were arranged in 30 simultaneous equa- 
tions using the least square principle. The 
equations were solved and the constants com- 
puted by the absorption-iterative method. 

The constants were tested for significance 
by analysis of variance. It was found that 
the effects of line of sire, year, initial age and 
initial weight were highly significant but that 
inbreeding did not significantly affect rate of 
gain. 

While the constants for initial age and ini- 
tial weight are significant they indicate that 
the animals with the highest pre-test gains 
are expected to make the greatest gains on 
test. Therefore, they should not be used for 
adjustment purposes as they would remove 
part of the genetic ability to gain. Also the 
constants for lines of sire are indicative of 
genetic differences. The results from this study 
indicate that, due to year effects, comparisons 
on daily gain should be on bulls fed as con- 
temporaries. Further possibilities for adjust- 
ment on such variables known to affect subse- 
quent gains as age and weight need estima- 
tions independent of genetic bias. 
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INFLUENCE OF BEEF CARCASS GRADE AND WEIGHT 
ON YIELD OF WHOLESALE CUTS AND 
CARCASS MEASUREMENTS’ 
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ese preferences of consumers for leaner 
meats as observed by Moulton (1928) has 
become more pronounced, as shown by the 
studies of Meyer e¢ al. (1952) and Lasley 
et al. (1955). This trend has intensified the 
effort of investigators to identify beef car- 
casses with high yields of the preferred whole- 
sale and retail cuts. The usual procedure has 
been to classify carcasses by grade and weight 
according to accepted standards of conforma- 
tion and finish. 

The purpose of the present study was to 
study the average yields and the variation in 
yields of the preferred wholesale cuts of three 
carcass grades and three narrow weight classes 
in a Midwest packing plant which purchases 
beef typical of the fed beef produced in this 
area. Differences in certain carcass measure- 
ments were also reported. 


Experimental 


Ninety cattle carcasses involving three 
grades and three weight groups were analyzed 
for this study. There were 10 carcasses in each 
grade-weight cell. The three grades studied 
were Choice, Good and Standard. The three 
carcass weight classes represented were (1) 
430-470 lb., (2) 530-570 Ib. and (3) 630- 
670 Ib. All carcasses were selected to be as 
close to the middle of the grade in conforma- 
tion, finish and quality as possible. The car- 
casses were chilled from 48 to 72 hours. The 
carcasses were selected over a year’s time, the 
selection of different weights and grades pro- 
ceeding at random until each grade-weight 
cell was filled. 

Several measurements were taken on each 
carcass, some of them being duplicated on 
each side of the carcass while others were re- 
corded for only the right side due either to 
difficulty in obtaining the measurement on the 
quartered left side or to negligible variation 


1 The mepnaien s of Rath Packing Company, Waterloo, Iowa, 
is greatly appreciated 
Present address: Animal Husbandry Department, University 
of Wisconsin, Madiso: 
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between sides in the measurement. The meas- 
urements which were taken included (1) 
length of body, (2) length of hind leg, (3) 
length of loin, (4) depth of body, (5) width 
of round, (6) width of shoulder and (7) loin 
eye area. These measurements were taken in 
accordance with the specifications proposed by 
Naumann (1952) with the exception that they 
were recorded to the nearest one-tenth inch 
instead of in centimeters. All measurements 
were taken by the same person throughout 
the study. 

After the measurements had been recorded, 
the carcasses were broken into wholesale cuts 
essentially in accordance with the procedure 
recommended by Wellington (1953). Each 
side of the carcass was weighed to the nearest 
pound just prior to cutting and the weights of 
all wholesale cuts were recorded to the nearest 
ounce. The yield of each wholesale cut was 
computed as a percent of the side. Two cutters 
were used throughout the test, one cutter 
working exclusively on the left sides. There- 
fore, differences between sides in yield of 
wholesale cuts may be due to a consistent 
variation between the cutters. 

The method of the removal of the brisket 
in this study differed slightly from that rec- 
ommended by Wellington (1953). In this test, 
the brisket and shank were removed along a 
line parallel to the ventral side of the brisket 
and falling just dorsal to the lateral condyle 
of the humerus. The shank and brisket were 
then separated by cutting along the natural 
seam between the two cuts. 

The measurements and yields were analyzed 
as a 3 x 3 x 2 factorial experiment in a split- 
plot design with grades, weights, and sides 
being the three factors under consideration. 
Calculations and tests of significance were 
computed in accordance with the methods 
outlined by Snedecor (1956). 


Results 


The mean values for length of body, length 
of leg and length of loin, measured on the 
right side only, are shown for the three grades 
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TABLE 1. MEAN VALUES BY GRADES AND 
WEIGHT CLASSES FOR LENGTH OF BODY, 
LENGTH OF HIND LEG, AND LENGTH OF 











LOIN 

Length Length of Length 

Group of body hind leg of loin 
in. in. in. 

Choice 45.9 28.1 23.9 
Good 47.3 29.4 24.8 
Standard 50.0 31.1 26.2 
430-470 45.4 27.8 25.0 
530-570 47.8 29.8 25.0 
630-670 50.1 $152 26.3 
Overall 47.7 29.6 25.0 





and three weight classes in table 1. As might 
be expected, length is greater in the heavier 
weight classes. The lower grades tend to be 
longer throughout. Since the linear measure- 
ments correspond closely to skeletal dimen- 
sions, it is interesting to note the similarity 
between the averages of the Choice grade and 
the 430-470 lb. weight class, the Good grade 
and the 530-570 lb. weight class, and the 
Standard grade and the 630-670 tb. weight 
class. It is clear the carcasses with the greater 
skeletal dimensions tend to be classed as 
Standard within any given weight class. The 
analyses of variance for the length measure- 
ments are given in table 2. Both grades and 


TABLE 2. MEAN SQUARES FOR LENGTH OF 
BODY, LENGTH OF HIND LEG, AND LENGTH 
OF LOIN MEASUREMENTS 














Source Length Lengthof Length 
of variation df. ofbody hindieg of loin 
Grades (G) 2 A270": Boe: 3932" 
Weights (W) Z  166,16°* . 68. 80°". 56,59*" 

xW 4 6.20 1.07 2.10* 
Animals/GandW _ 81 2.74 0.95 0.69 

*P<.05. 
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weight classes are important and highly sig- 
nificant sources of variation. As indicated by 
the interactions between grade and weight 
for length of body and length of loin, the 
subclass means exhibit some discrepancies to 
the general rule, yet these interactions con- 
stitute only a small part of the total variation 
in each measurement. 

The mean values for depth of body, width 
of round, width of shoulder and loin eye area 
are shown by grades and weight classes in 
table 3. As might be expected, each of the 
dimensions increased with increasing weight. 


TABLE 3. MEAN VALUES BY GRADES AND 

WEIGHT CLASSES FOR DEPTH OF BODY, 

WIDTH OF ROUND, WIDTH OF SHOULDER 
AND LOIN EYE AREA 











Depth Width Widthof Loin 
Group of body ofround shoulder eye area 
in. in. in. in. 
Choice 14.7 8.3 8.2 9.98 
Good 15.2 8.2 7.9 9.93 
Standard 16.0 8.1 7.5 10.24 
430-470 14.3 ai0 7.4 9.37 
530-570 35.2 8.3 7.9 9.94 
630-670 16.3 8.6 8.3 10.83 
Overall 15.3 8.2 7.9 10.05 





Width of shoulder increases with increasing 
grade, whereas depth of body decreases. Dif- 
ferences in width of round and loin eye area 
are not significantly influenced by grade. ‘The 
analyses of variance for the measurements 
shown in table 3 are given in table 4. Since 
these measurements were taken on both sides 
of the body, an additional source of variation 
representing differences between animals 
within the same weight class and grade could 
be isolated separately from the error term. 
Differences between animals constituted an 


TABLE 4. MEAN SQUARES FOR DEPTH OF BODY, WIDTH OF ROUND, WIDTH OF 
SHOULDER AND LOIN EYE AREA MEASUREMENTS 














Depth Width Width Loin 
Source of variation df. of body of round of shoulder eye area 
Grades (G) 2 25.63** 0.36 7:3i"° 1.58 
Weights (W) 2 56.22** 11.85** 14:75"? 32.41°* 
Sides (S) 1 0.91** 0.14 ¥.25"" 0.90 
GxW +4 1.83 1.04 0.20 3.31 
GxS 2 0.25°* 0.52 0.19* 0.01 
WxsS 2 0.07 0.32 0.31** 0.39 
GxWxS 4 0.04 0.15 0.12 0.30 
Animals/G and W 81 0.82** 0.44 0.16** 2.09** 
Animals x S/G and W 81 0.05 0.34 0.05 0.32 

*' P< .65. 


** P<.01. 
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TABLE 5. MEAN YIELDS BY GRADES AND 
WEIGHT CLASSES FOR ROUND, LOIN, RIB, 











Thick 

Group Round Loin Rib Chuck cuts 
Jo Jo Yo Jo Jo 

Choice 22.9 16.8 9.3 26.1 75.2 
Good 24.0 16.8 8.6 26.8 76.2 
Standard 25.0 16.4 8.6 27.1 77.0 
430-470 24.1 16.7 9.0 26.4 76.4 
530-570 24.3 16.7 8.7 26.5 76.2 
630-670 23.4 16.5 8.8 27.1 75.8 
Overall 23.9 16.6 8.8 26.6 76.1 





® Thick cuts is the sum of the percent round, loin, rib and 
chuck. 


important source of variation for each of the 
three traits. 

The mean yields of important wholesale 
cuts for each of the grades and weight classes 
are shown in table5. The analyses of variance 
for the yields are given in table 6. Although 
all yields are influenced significantly by grade, 
the lower yields of round shown by the higher 
grades is by far the most important difference. 
Since the yields are expressed as percentages, 
carcass weight had relatively small influence 
on these characteristics, yet there was a sta- 
tistically significant decrease in percent round 
with increasing weight and a statistically sig- 
nificant increase in percent chuck. Rather 
surprisingly, differences between sides were 
statistically significant for each of the four 
wholesale cuts expressed as a percentage of 
carcass weight. 


Discussion 


A most striking feature of the analysis is 
the large and consistent difference among car- 
casses of the same grade and weight class. 
This is illustrated by the highly significant dif- 
ferences between carcasses for yields of whole- 
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sale cuts in table 6. Nothing was known of the 
earlier history of the 90 carcasses studied here 
as regards age, feeding and management re- 
gime, and breeding. But identification of the 
factors responsible for this variation would 
present immediately the opportunity of pro- 
ducing superior carcasses of a specified grade 
and weight. For example, if a large part of 
this observed variation between animals is of 
nutritional or managemental origin, attention 
to the responsible factor should bring about 
relatively rapid change. If the differences are 
heritable, selective breeding should be directed 
toward strains having high yields of higher- 
priced cuts. 

The difference between sides in some skele- 
tal dimensions and in yield of thick cuts was 
also quite marked. For example, the right 
sides were 0.2 in. shallower and 0.2 in. thicker 
than the left sides. The right sides also yielded 
more round, loin, chuck and rib, the first 
three of these percentages being statistically 
significant. Kidney fat is consistently heavier 
on the left side. The hanging tenderloin is 
weighed with the left side but is not included 
in any of the wholesale cuts. Both of these 
factors tend to make the yields of wholesale 
cuts greater from the right than from the 
left side. 

As was expected, the Standard grade car- 
casses and the heaviest weight class (630-— 
670 lb.) tended to have the greater measure- 
ments representing skeletal dimensions (length 
and depth of body). In fact, there was a no- 
ticeable correspondence between the average 
measurements for the Choice grade and the 
430-470 lb. class, between those of the Good 
grade and the 530-570 lb. class, and between 
those of the Standard grade and the 630-670 
Ib. class. On the other hand, the relationships 
were reversed for measurements representing 


TABLE 6. MEAN SQUARES FOR PERCENT ROUND, LOIN, RIB, CHUCK AND THICK CUTS * 











Thick 
Source of variation dfs Round Loin Rib Chuck cuts 
Grades (G) 4 68.60** 367°" g.427°" 16.20** 53.20** 
Weights (W) 2 ¥5:35°° 0.43 0.91 7.84* 5.15 
Sides (S) 1 5.67"" 15.02** 0.70* 6.20** 107.03** 
GxW 4 2.54 0.93 1.44** 1.19 3.23 
GxS 2 0.30 0.02 0.40 2.08* 1.43 
Wxs 2 0.06 0.01 0.09 1.70* 0.79 
GxWxsS 4 0.01 0.05 0.11 0.14 0.49 
Animals/G and W 81 2.84** 0.80** 0.32** 1.84** x OF Seas 
Animals x S/G and W 81 0.78 0.35 0.14 0.55 0.86 





® Thick cuts is the sum of percent round, loin, rib, and chuck. 
* 


<.05. 
* P< 01. 
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muscle dimensions such as width of round 
and width of shoulder. 

The grades differed significantly in the 
average yields of all four thick cuts, while 
the weight classes differed only in percent 
round and chuck. Choice carcasses generally 
had more loin and rib and less round and 
chuck than Standard carcasses. However, since 
both loin eye area and length of loin were less 
for Choice than for Standard carcasses, it 
seems that the difference in yield of loin at 
least must have been due to the extra un- 
trimmed fat on the Choice carcasses. This in 
particuar suggests that the greater finish of 
Choice carcasses, rather than any marked dif- 
ference in conformation, is responsible for the 
slightly greater yields of loin and rib. Similar 
conclusions have been reached by Pierce 
(1957) and Butler (1957). 

Since only two of the five yield analyses 
had significant interactions, in most cases 
the mean yields can be interpreted directly. 
The yields of round and chuck decrease while 
those of the loin and rib increase as the grade 
increases. Since higher grading carcasses usu- 
ally possess a higher degree of finish, it ap- 
pears that a relatively large amount of the 
extra fat is deposited in the loin and rib. The 
yield of chuck increases while the yield of 
round decreases as the weight increases. This 
indicates that cattle within these weight ranges 
tend to deposit a disproportionally large per- 
centage of their weight in the chuck as they 
become heavier. 


Summary 


The influence of grade and weight upon 
certain carcass measurements and the yields 
of certain wholesale cuts was studied. Ninety 


cattle carcasses of three grades and three . 


weight groups were used in the study. These 
carcasses were selected to be nearly average 
in conformation, finish and quality for their 
weight and grade. The carcasses were meas- 
ured and then broken down into wholesale 
cuts following essentially the recommendations 
of Naumann (1952) and Wellington (1953). 
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The length of body, length of hind leg, and 
length of loin measurements were recorded on 
the right side of each of the 90 carcasses while 
the depth of body, width of round, width of 
shoulder, and loin eye area measurements were 
recorded for both sides. The yields of the 
round, loin, rib, chuck, and sum of those four 
were also studied. 

Grade and weight had a rather large in- 
fluence on most of the variables studied. In 
general, weight had greater influence on the 
measurements while grade had greater influ- 
ence on yields of the cuts. Few interactions 
were highly significant and most of those that 
were large involved sides. Large variations 
among animals of the same weight and grade 
were exhibited for nearly every variable 
studied. 

Some of the analyses involving yields in 
this study indicate that finish exerts more in- 
fluence on yields of wholesale cuts than con- 
formation. This is in agreement with both 
Pierce (1957) and Butler (1957). 
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RELATIONSHIP BETWEEN SOME BEEF CARCASS 
MEASUREMENTS AND YIELDS OF 


WHOLESALE CUTS* 


Darret E. Gott,? L. N. Hazet ano E. A. KLINE 
Iowa State University, Ames * 


Seve relationship of beef carcass conforma- 
tion to the percentage yields of wholesale 
cuts has become a subject of much discussion 
and interest. At the same time, there has been 
an effort to discover some useful objective 
measurements of conformation and to explore 
the relationships of these measurements and 
carcass yield. Pierce (1957) reported a test 
involving 12 combinations of measurements 
and their value for predicting yields of whole- 
sale and retail cuts. He found the circumfer- 
ence of the round to be positively associated 
with the yields of all wholesale cuts except 
hindquarter, flank and plate. However, Pierce 
(1957) concluded that a subjective evaluation 
of conformation was superior to any of the 
objective measurements studied and that finish 
influenced the yields of most wholesale cuts 
considerably more than conformation. Butler 
(1957) reported that longer carcasses yielded 
a higher percentage of hindquarters and round. 
He also concluded that finish influences the 
yields of wholesale cuts more than conforma- 
tion. Green et al. (1955) studied the correla- 
tions between some of the yields of wholesale 
cuts of the beef carcass. They concluded that 
grade had very little effect on the yields of 
wholesale cuts. Thompson (1957) repeated 
some of that work. He found that carcass 
grade was negatively correlated with the sum 
of the yields of round, loin, rib and chuck. 
This experiment was conducted to determine 
the degree of the relationships between certain 
carcass measurements and the percentage 
yields of some wholesale cuts in beef carcasses. 


Experimental 


Thirty steer carcasses in each of three U. S. 
grades, Standard, Good and Choice, were 
measured and cut according to the procedure 


1 The cooperation of Rath Packing Company, Waterloo, Iowa, 
is greatly appreciated. 3 ; 

2 Present address: Animal Husbandy Department, University 
of Wisconsin, Madison. : 

8 Journal Paper No. J-3943 of the Iowa Agricultural and 
Home Economics Experiment Station, Ames, Iowa. Project No. 
1239. 
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outlined by Naumann (1952) and Welling- 
ton (1953). Within each of the three U. S. 
grades, 10 carcasses in each of the three weight 
ranges, 430-470, 530-570, and 630-670 lb. 
were chosen. The principal criteria used in 
choosing the carcasses were that they be near 
the middle of their grade and weight class. 
All of the work was done in one midwestern 
packing plant as described in detail by Goll 
et al. (1960). The various yields were com- 
puted as a percentage of the side from which 
the cuts originated and the final yield was 
recorded as the average of the yield from the 
two sides. Correlation coefficients involving 
grade and weights of the 10 carcass measure- 
ments and the yields of the 9 combinations of 
wholesale cuts were computed. After observing 
the simple correlations, some of the partial 
correlations which appeared to be more im- 
portant were computed with the effects of 
weight or grade eliminated statistically. In 
computing these correlations, the Standard 
grade was arbitrarily assigned a numerical 
value of 1, Good a value of 2, and Choice a 
value of 3. 


Results and Discussion 


The simple correlation coefficients of weight 
and grade with the 19 variables studied are 
shown in table 1. As might be expected, all 
of the physical measurements, which reflect 
differences in absolute size and weight, showed 
high statistically significant and positive cor- 
relations with carcass weight. The correlations 
between carcass weight and yields of cuts 
from the hind quarter were negative whereas 
those between weight and yields of cuts from 
the front quarter, except for percent rib, were 
positive. 

Grade was negatively correlated with 
measurements reflecting skeletal size and posi- 
tively correlated with those reflecting body 
thickness. Three of the important negative 
correlations between grade and depth of body, 
percent round, and percent thick cuts were 
—.46, —.59, and —.53, respectively. 




















TABLE 1. CORRELATION COEFFICIENTS WITH 
CARCASS WEIGHT AND GRADE 











Partial 

with 

grade 

inde- 

pendent 

Variable Grade Weight of weight 
Length of body —.54** 0.58** —.67** 
Length of hind leg —.59** 0.67** —.79** 
Circumference of round 0.63** 0.55** 0.75** 
Width of round 0.10 Ole O45 
Length of loin —.55** 0.75** —.83** 
Width of shoulder 0, 53"" 0160" BO. 74"* 
Depth of body —.46**  0.62** —.59** 
Loin eye area —.09 0.52** —.10 
Depth of loin eye —.45%* 0.42%* —.49** 
Width of loin eye 0.17 0.3772 0:18 
Percent hind quarter —.12 —.48** —.14 
Percent round —.59** —.32** —.62** 
Percent loin 0.28** —.14 0.29** 
Percent kidney fat 0.27* 0.13 0.28* 
Percent front quarter 0.03 0.40** 0.03 
Percent rib 0.51%* —.11 0.51** 
Percent chuck —.38** —.01 —.38** 
Percent plate O:49F | Dake Oss Ze 
Percent thick cuts* —.53°* —.22* —.54** 





* Percent thick cuts refers to the sum of percent loin, 
percent rib, percent round and percent chuck. 
*P<0.05 


** P0.01. 


Loin eye area has come to be considered 
as one of the important measurements reflect- 
ing muscling in beef carcasses. Some of the 
correlations involving loin eye area are given 
in table 2. The simple correlations between 
loin eye area and measurements reflecting 
physical size are relatively large and positive, 
because these variables are influenced simi- 
larly by differences in carrass weight. The cor- 
responding partial correlations, adjusted for 
carcass weight, are small and insignificant, ex- 
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cept for those with depth and width of loin 
eye. The only other correlation involving area 
of loin eye which is statistically significant is 
the 0.27 with percent chuck, the cheapest of 
the four thick cuts. The partial correlations 
involving loin eye area adjusted for differences 
in grade differ only slightly from the simple 
correlations. 

Some simple and partial correlation coeffi- 
cients involving yield of thick cuts, the sum 
of the yields of round, rib, loin, and chuck, 
are shown in table 3. Only the negative cor- 
relation between percent thick cuts and per- 
cent kidney fat is noticeably large, indicating 
that degree of finish or fatness is a most im- 
portant variable determining percent thick 
cuts. Removing cifferences due to grade from 
the simple correlation has little effect in chang- 
ing the partial correlation because of the 
high relationship between grade and percent 
kidney fat. The other partial correlations indi- 
cate a positive and significant relationship be- 
tween percent thick cuts and width of shoulder, 
width of round and depth of body. Thus, for 
a given weight and grade class, the thicker, 
deeper carcasses tend to have higher yields 
of thick cuts. Here also, it is of interest to 
note that all of the correlations involving per- 
cent thick cuts and loin eye area are small. 
This conclusion is supported by the results of 
Cole et al. (1960) who could associate only 
18% of the variance in percent separable lean 
with loin eye area. 

Since finish has been considered an im- 
portant factor influencing yield of cuts, cor- 
relations with the yield of kidney fat, used as 
an indicator of finish in this study, are shown 
in table 4. 


TABLE 2. CORRELATIONS INVOLVING LOIN EYE AREA 














Adjusted 
Adjusted Adjusted to weight 
Variable Simple to weight to grade and grade 
Length of body 0.36** 0.09 0.38°* 0.04 
Length of hind leg 0.39** 0.07 0.42°* —.02 
Circumference of round 0.19 —.15 0.320" —.12 
Width of round 0.45** 0.14 0.47"" 0. 15 
Length of loin 0.37%" — .04 0.387 —.22 
Width of shoulder 0.30 —.09 0.41)" —.03 
Depth of body 0.44** 0.18 0.45¢ 0. lit 
Depth of loin eye 0.64** 0.54** 0.68°* 0. 57*° 
Width of loin eye 0.80** C77" 0.83 0.80 
Percent round —.09 0.09 —.18 noe 
Percent loin —.20 —.15 —.18 —.13 
Percent chuck 0.23* 0.27 0.21 0.26 
Percent rib 0.04 0.11 0.10 0.19 
* P<.05. 


“* P< Ol. 





Variable Simple 
Length of body 0.18 
Length of hind leg 0.22* 
Circumference of round —.42** 
Width of round — .05 
Length of loin 0.11 
Width of shoulder —.31°* 
Depth of body 0.16 
Loin eye area 0.00 
Percent kidney fat —.70** 


#* P< Ol. 


The correlations with kidney fat show that 
several yields are negatively correlated with 
kidney fat and that percent plate is positively 
and significantly correlated. It should be re- 
membered that a part-whole relationship en- 
ters into the above correlations. If the yield 
of kidney fat were to increase, the yield of 
some other cut must decrease since all yields 
must sum to one hundred percent. Either 
finish is not the principal factor affecting 
yields, or the yield of kidney fat alone is not 
a good measure of finish. 

Some correlations between yields and meas- 
urements are shown in table 5. Several of the 
correlations between yields and measurements 
were highly significant after adjusting for 
both grade and weight. Width of round and 
width of shoulder are highly correlated with 
yield of round and yield of chuck respectively. 
This may be the cause for the high relation- 
ship between the width of round and shoulder 
measurements and the yield of thick cuts, 
since the yield of rib is not correlated with 
width of shoulder. Width of round is more 
highly related to yield of round than either 
length of hind leg or circumference of round. 

Most of the correlations between yields were 
not significant and those that were large were 
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TABLE 3. CORRELATIONS WITH 











PERCENT THICK CUTS 


Adjusted 

Adjusted Adjusted to grade 

to weight to grade and weight 
0.39** —.15 0.05 
0.52°" —.17 0.18 
—.37** —.14 0.07 

0.17. 0.01 0.30** 
0.44 —.25 —.02 

—.21 — .04 9.33"" 

0.55°* —.11 0.34** 
0.14 —.05 0.10 

_. —.68** 


—.70** 69** 





negative. This might be expected, however, 
because of the part-whole relationship which 
exists. The correlations in table 5 between 
yields are low as compared with those reported 
by Green et al. (1955). The chief cause of 
this difference is that the wholesale cuts were 
expressed as percentages of the carcass weight 
in the present study whereas Green ef al. 
(1955) studied absoute values in carcasses 
which differed in weight. 


Summary 


The relationships between certain carcass 
measurements and the yields of wholesale cuts 
were studied. Ninety carcasses were used in 
the study representing the Choice, Good and 
Standard grades and the carcass weight ranges 
of 430-470, 530-570 and 630-670 lb. The 
carcasses were measured and then broken 
down into wholesale cuts following essentially 
the recommendations of Naumann (1952) 
and Willington (1953). 

The correlation coefficients between 19 
variables and weight and grade demonstrated 
that weight is more closely related to the 
carcass measurements taken in the study, 
whereas grade is more closely correlated with 


TABLE 4. CORRELATIONS WITH PERCENT KIDNEY FAT 











Adjusted 

Adjusted Adjusted to grade 
Variable Simple to weight to grade and weight 
Length of loin —.04 —.22* 0.13 0.02 
Percent hind quarter 0.13 0.12 0.17 0.16 
Percent round —.60** —.60** —.57** —.57** 
Percent loin 0.06 0.08 0.02 0.01 
Percent front quarter —.15 —.23* —.17 —.25* 
Percent chuck —.29** —.29** —.21 —.21 
Percent rib 0.09 0.11 —.07 —.04 
Percent plate 0;30"" 0.53** 0.31°* 0.47** 





* P<.05. 
P< Al. 
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Adjusted 
Adjusted Adjusted to weight 
Variable Simple to weight to grade and grade 
Percent round and 
percent loin —.25** —.31 —.10 —.18 
Percent round and 
percent chuck 0.05 0.05 —.23* —.26* 
Percent round and 
percent rib —.35** —.44** —.12 —.19 
Percent rib and 
percent loin 0.01 —.01 —.17 —.19 
Percent rib and 
percent chuck —.31** —.31** —.15 —.15 
Percent round and 
length of hind leg 0.28* 0.70** —.11 0.43** 
Percent round and 
circumference of round —.41** —.29** —.06 0: 38** 
Percent round and 
width of round —.01 0.35** 0.07 0.57** 
Percent loin and 
length of loin —.24* —.21 —.10 0.06 
Percent front quarter 
and depth of body 0.36** 0.16 0.42°* 0.22 
Percent chuck and 
width of shoulder 0.06 0.09 0:33"* 0.60** 
Percent chuck and 
depth of body 0.47** 0.61** 0.36** 0.52** 
Percent rib and 
width of shoulder 0.22 0.41** —.08 0.03 
Percent plate and 
depth of body 0.13 —.11 0.46** 0.28** 
ost 


the yields of the wholesale cuts. The yields of 
round and chuck were negatively related to 
grade, whereas the yields of rib and loin were 
positively related. Correlations with loin eye 
area showed that very few measurements or 
yields are closely related to loin eye area. 
There is no clear evidence from this study 
that loin eye area is closely related to items 
representing overall carcass value. Correla- 
tions with yield of thick cuts (sum of yields 


of round, loin, rib, chuck) showed that the ~ 


wider, thicker, deeper carcasses yielded a high 
percentage of the thick cuts. The correlation 
coefficients between yields and linear meas- 
urements showed that, in most cases, the larger 
the measurement, the higher the yield. 
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EFFECT OF STARCH ON THE DIGESTION OF CELLULOSE 
IN VITRO AND IN VIVO BY RUMEN MICROORGANISMS * ? 


K. eLt-SHazty,’ B. A. DEHORITY AND R. R. JOHNSON 4 
Ohio Agricultural Experiment Station, Wooster 


ARLY in the study of digestion in the 
rumen it was noted that the dry matter 
digestibility of roughages was lowered in the 
presence of starch or starchy feedstuffs (Bur- 
roughs et al., 1949, 1950; Williams e¢ al. 
1953). Similar effects of starch were noted in 
crude fiber digestion (Kane et al., 1959) and 
in cellulose digestion (Abou Akkada and el- 
Shazly, 1958). Arias et al. (1951), Hersh- 
berger e¢ al. (1956) and el-Shazly et al. 
(1960b) noted similar inhibition of cellulose 
digestion by starch in rumen fermentations 
in vitro, 
This paper reports results from a series of 
studies designed to elucidate the nature of 
this inhibition and to find ways to change it. 


Experimental 


In Vitro Fermentations. The in vitro fer- 
mentation technique used was basically that 
described by Bentley et al. (1954) and modi- 
fied by Dehority et al. (1957) and Johnson 
et al. (1958). The final bacterial inoculum was 
prepared in a manner similar to that de- 
scribed by Dehority e¢ al. (1960). Resus- 
pended cells (Johnson e¢ al., 1958) were 
centrifuged at 250 x G for 3 minutes and the 
sediment discarded. After centrifuging the re- 
sulting supernatant at 3000 x G for 20 min- 
utes, the sediment was resuspended in COs 
saturated phosphate buffer and used as the 
inoculum. In those experiments in which whole 
rumen liquor was used as an inoculum, 40 
ml. were used to inoculate the 100-ml. fer- 
mentation flasks. When powdered cellulose ° 
was used as substrate, cellulose digestion was 
determined by the method of Hershberger 
et al. (1955). Total volatile fatty acids (VFA) 


1 Approved for publication as Journal Article No. 70-60 
by the Associate Director of the Ohio Agricultural Experiment 
Station, Wooster. 
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3On leave from the Faculty of Agriculture, University of 
Alexandria, Alexandria, Egypt 
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were estimated by steam distillation as de- 
scribed by Warner (1956). Individual volatile 
fatty acids and succinic and lactic acids were 
separated on silica gel columns by the method 
of Bulen e¢ al. (1952) as modified by Linke 
(1952). 

In Vitro—In Vivo Comparisons. For the in 
vivo studies, two wether lambs with permanent 
rumen fistulae were fed diets as described in 
the “Results” section. The rate of cellulose 
digestion in vivo was determined by inserting 
nylon bags filled with shredded filter paper 
into the rumen through the fistula. Duplicate 
bags were removed at various times. The re- 
sidual cellulose was washed out of the bag and 
determined by the Crampton and Maynard 
(1938) procedure. 

Simultaneously whole rumen liquor re- 
moved from the sheep at zero time was used 
to inoculate in vitro fermentations in which 
the same filter paper was used as the substrate. 
Fermentations were conducted in 75-ml. cen- 
trifuge tubes as described by Quicke et al. 
(1959). Duplicate tubes were removed for 
cellulose determination at the same time that 
nylon bags were taken from the sheep. 

Microscopic examinations were made on 
slides prepared by staining with the Gram 
stain (Hucker modification) . 


Results 


In Vitro Fermentations. Preliminary experi- 
ments indicated that when 2 gm. of cellulose 
were used in the 100-ml. fermentation flask, 
1 gm. of starch was partially inhibitory to 
cellulose digestion and 2 gm. were completely 
inhibitory. This effect is illustrated in figure 
1. A similar inhibition pattern was produced 
when glocuse replaced the starch (figure 1). 

To test whether the inhibition could be 
effected through a dialyzing membrane, a 
semipermeable bag was suspended inside a 
fermentation flask. Cellulose was placed inside 
the bag and starch was placed in the liquid 
medium outside the bag and both sides were 
inoculated with the same inoculum. Thus, a 
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TABLE 1. CELLULOSE DIGESTION INSIDE A SEMIPERMEABLE BAG WITH STARCH 
DIGESTION OUTSIDE THE BAG (30 hr. in vitro) 








Substrates, gm./100 ml. 





Cellulose digested, gm. 


VFA, meq./100 ml. 











Cellulose Starch 

(inside) (outside) Exp’t 1 Exp’t 2 Exp’t 1 
2.0 ee 0.859 0.724 10.6 
2.0 2.0 0.007 0.095 19.0 
2.0 2.0 0.000 0.000 18.4 





starch fermentation and a cellulose fermenta- 
tion were separated only by a dialyzing mem- 
brane permitting interchange of dialyzable 
materials but not bacteria or polysaccharide 
substrates. The results shown in table 1 indi- 
cate that the inhibitory agent was indeed 
dialyzable. 

Several experiments were conducted to de- 
termine if the starch digesting microorganisms 
produced a dialyzable inhibitor. In those ex- 
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Figure 1. Inhibition of in vitro cellulose di- 
gestion by increasing concentration of starch 
and glucose. Each point on the curve represents 
four separate fermentations. 


periments a continuous flow type fermenta- 
tion apparatus (Warner, 1956, el-Shazly e¢ al., 
1960a) was used so that the increased H-ion 
activity normally associated with starch di- 
gestion might be avoided. However, this did 
not prevent the inhibition of cellulose diges- 
tion by starch. Further, when dialysates from 
starch fermentations were added to the media 
for a cellulose fermentation, cellulose digestion 
was only slightly inhibited. 

Tables 1 and 2 demonstrate that in the 
presence of starch, the VFA production is 
often increased. However, Johnson e¢ al. 
(1958) have previously shown that these con- 
centrations of acetic, propionic and butyric 
acids are not likely to be inhibitory. Previous 
workers have shown that lactic acid is an in- 
termediate (or end product) of starch and 
glucose digestion (Phillipson and McAnally, 
1942; Gall et al., 1953; Waldo and Schultz, 
1956; Balch and Rowland, 1957) and data 
in table 2 indicate that formic and succinic 
acids may be also. The absence of lactic acid 
in the flasks with starch (in table 2) is evi- 
dence that it did not cause the observed in- 
hibition. Several experiments were conducted 
with formic acid which indicated that it was 
not inhibitory at the levels shown in table 2. 

It did not appear from the results that the 
production of inhibitory end products by the 
starch digesting bacteria explained the ob- 
served inhibition. Therefore, it was of interest 
to determine if competition for nutrients in 
the basal medium might be the explanation. 


TABLE 2. ORGANIC AND VOLATILE FATTY ACIDS PRODUCED IN VITRO BY ADDITION 
OF STARCH TO CELLULOSE FERMENTATIONS 








Substrates, gm./100 ml. 


Acid production, meq./100 ml. 











Cellulose Starch C; and higher Acetic Formic Succinic Lactic 
2 0 5.62 8.24 0.0 2.20 0.468 
2 0.25 6.04 8.10 0.468 1.12 0 
2 0.50 6.42 8.29 0.84 0 0 
2 0.75 5.85 7.86 1.78 0 0 
2 1.00 6.70 8.85 1.45 0 0 
2 2.00 7.12 8.42 1.97 0 0 
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Figure 2, a and b, illustrates the effect of 
additional total nutrient medium, urea, rumen 
liquor supernatant (autoclaved) and super- 
natant plus urea on the inhibitory effect of 
different levels of starch. When no starch was 
present, either double urea or double nutrient 
media was actually inhibitory to cellulose di- 
gestion. As the level of starch was increased 
and the inhibition became more severe, the 
double levels of either urea or nutrient media 
markedly alleviated the inhibition. Similarly, 
autoclaved supernatant had some alleviatory 
effect and this effect was additive to that of 
urea at the high starch levels (figure 2b). 

To determine the optimum level of urea-N 
in alleviating the inhibition, various levels of 
urea were tested at 1.5, 2.0 and 3.0 gm. levels 
of starch (2 gm. cellulose). The data as illus- 
trated in figure 3 show that the optimum level 
of urea-N at all levels of starch tested was 
177 mg. N per 100 ml. Also, figure 3 shows 
that ammonium sulphate and casein hy- 
droylsate were inferior to urea as alleviatory 
N sources. Similar experiments using 1:1 
combinations of urea and soybean protein 
showed that this combination was almost as 
effective as urea alone and the optimum con- 
centration of N was slightly less than 177 mg. 
per 100 ml. 

In Vivo—In Vitro Comparisons. To deter- 
mine if the alleviating effect of urea was pro- 
duced in vivo also, cellulose digestion rate was 
determined by the nylon bag technique in 
fistulated wethers consuming rations with the 
different ratios of hay to grain (in effect, cellu- 
lose to starch). A good quality mixed hay 
(chopped) analyzing 15.4% protein and 
ground shelled corn were used in ratios of 2:1, 
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Figure 2. The effect of adding rumen liquor 
supernatant, twice the amount of total nutrients 
or twice the amount of urea upon in vitro cellu- 
lose digestion in the presence of increasing 
quantities of starch. The two sets of curves 
represent separate experiments, each of which 
was run in duplicate. 
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Figure 3. The effectiveness of increasing 
amounts of urea and other N-sources in relieving 
the inhibition of cellulose digestion in vitro by 
three levels of starch. Each point on the curve 
represents the average of three experiments, 
each run in duplicate, or six fermentation flasks. 


1:1 and 1:2 of hay to corn. These mixtures 
were calculated to contain 13.1, 11.9 and 
10.8% crude protein, respectively, all of which 
met the protein requirement of the type lambs 
used. 

When nylon bag studies were made, inocu- 
lum was taken from the test animals at zero 
time and used for in vitro comparisons, the 
fermentation tubes containing only the filter 
paper substrate (no starch). The im vitro test 
served as a “no starch” control to demon- 
strate the ability of that particular rumen 
culture to digest cellulose when no starch was 
present in the substrate. 

Figure 4a shows that when hay alone served 
as the ration, the cellulose digestion rates in 
vivo and in vitro were practically identical. 
Figure 4b shows that a 2:1 ratio of hay to 
corn inhibited cellulose digestion in vivo and 
figure 4c shows that 16 gm. of supplementary 
urea markedly alleviated the inhibition. De- 
laying the feeding of the corn until afternoon 
did not permit the urea to relieve the inhibi- 
tion as well (figure 4d). 

The two sheep were then changed to a 
ration consisting of a 1:1 ratio of hay to corn 
and kept on this ration at least 10 days be- 
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Figure 4. The effectiveness of urea in relieving 
the inhibition of cellulose digestion in vivo in 
sheep fed a 2:1 ratio of hay to corn: 

a) ... hay diet—no corn added 

b) 2:lhay to corn—no extra nitrogen 

c)2:lhay to corn—16 gm. urea per day 

d) 2:lhay to corn—16 gm. urea—the corn 

feeding being delayed un- 

til the afternoon feed. 
For the explanation of the in vitro curves, see 
text. Each set of curves represents separate 
experiments. 


fore testing. Figure 5, a—d presents the in vivo 
digestion curves, four levels of urea being used 
with this ration. The curves represent separate 
experiments; in each experiment the animals 
were fed the ration containing the level of 
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Figure 5. The effectiveness of urea in relieving 
the inhibition of cellulose digestion in vivo in 
sheep fed a 1:1 ratio of hay to corn. 

a) 1:1 hay to corn+16 gm. urea 

b) 1:1 hay to corn+26 gm. urea 

c) 1:1 hay to corn+32 gm. urea 

d) 1:1 hay to corn+52 gm. urea 
Curves a and c represent one experiment each. 
Curves b and d represent the average of two ex- 
periments each. 
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Figure 6. The effectiveness of four levels of 
urea in relieving the inhibition of cellulose di- 
gestion in vivo in sheep fed a 1:2 ratio of hay to 
corn. Each curve represents one experiment in 
which duplicate bags were removed at each time 
interval. For explanation of the in vitro curve, 
see text. 





urea indicated for 5—7 days prior to measuring 
rate of cellulose digestion. At this ratio of 
hay to corn, 16 gm. of supplementary urea 
had little effect on the rate of cellulose di- 
gestion; however, 26 gm. increased the rate 
somewhat, the maximum being achieved with 
32-52 gm. of supplemental urea. 

When the ratio of hay to corn was shifted 
to 1:2 (figure 6) the inhibition of cellulose 
digestion became almost complete and no al- 
leviation was obtained by levels of urea up to 
48 gm. 


Discussion 


Various theories have been proposed to 


explain the depression of cellulose digestion 


by starch in a ration or in an in vitro medium, 
four common ones being: 

1) Production of an inhibitor by starch di- 
gestion microorganisms. 

2) Decrease in pH due to acids produced 
from starch fermentations. 

3) Competition for essential nutrients with 
the result that starch digesting microorganisms 
proliferate preferentially. 

4) Predominance of starch digesting micro- 
organisms in the rumen of animals on high 
starch rations. 

It would appear from the results of the 
present study that inhibition by end products 
of starch digestion was not a major factor in 
the depression of cellulose digestion. How- 
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ever, formic acid in sufficient concentration 
can be inhibitory. The presence of inhibition 
when the pH was controlled in the continuous 
flow system seems to rule out the pH theory 
although pH may have a temporary effect in 
vivo. 

Theory 3 appears to be best supported. It 
was obvious from figure 2 that double amounts 
of nutrient solution as well as autoclaved 
supernatant could partially or completely al- 
leviate the inhibition. The data illustrated in 
figures 2—5 indicated that nitrogen was a ma- 
jor factor in this alleviation. This might par- 
tially explain earlier results of Burroughs e¢ al. 
(1950) showing that certain levels of starch 
depressed dry matter digestion of inferior 
roughages but had little effect on the digestion 
of good quality roughage (alfalfa hay); and 
that the addition of dried skimmilk, casein or 
soyhean meal (high nitrogen supplements) im- 
proved digestion of the low quality roughage. 
The added effect of such things as rumen su- 
pernatant must not be discounted, however, 
because the results in figure 2 suggest factors 
other than nitrogen may be beneficial. 

The predominance of starch digesting mi- 
croorganisms cannot be accepted as a complete 
explanation, since, in the in vivo—in vitro 
comparisons, the controls (in vitro) digested 
cellulose efficiently, showing thereby that suf- 
ficient cellulose digesting bacteria were pres- 
ent to establish a cellulose digesting culture in 
the absence of starch even though the animals’ 
diet contained considerable starch. 

With the 2:1 and 1:1 ratios of hay to corn, 
the recovery of cellulose digestion was pro- 
gressively better as the supplemented urea 
was increased up to 32 gm. However, with the 
1:2 ratio of hay to corn, no recovery was ob- 
served at even the 48-gm. level of urea. It 
should be noted, however, that at this ratio 
of hay to corn, the approximate ratio of cellu- 
lose to starch is 1:5, disregarding other fer- 
mentable carbohydrates in the ration. 

Although little exact information could be 
gained from the microscopic examinations, 
certain general statements can be made. el- 
Shazly et al. (1960b) noted earlier in this lab- 
oratory that Gram-negative micrococci and 
small rods proliferated in vitro and in vivo 
when cellulose served as the sole or major 
carbohydrate substrate. When starch was ad- 
ded to the flasks in the present study, the 
cellulolytic types were largely replaced by 
larger Gram-negative crescent and oval 
shaped rods, cocciods, and Gram-positive dip- 
lococci. 
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Urea was the most efficient of the sources 
of nitrogen tested in alleviating the inhibition. 
Possibly the rapid release of NH; from urea 
was most timely in providing the needed nitro- 
gen. Although increased amounts of urea were 
required with increased amounts of starch, 
urea in excess of 177 mg. per 100 ml. of rumen 
media became inhibitory in itself. 

Although the use of urea in practical rumi-’ 
nant rations has been widely studied, the ef- 
fects of urea additions well above the normal 
requirements on rates of cellulose digestion 
in the rumen have not been studied. It should 
be noted that many wintering type rations 
contain ratios of cellulose to starch near 1:1. 


Summary 


Studies have been conducted in vitro and 
in vivo to determine the nature of the inhibi- 
tion by starch of cellulose digestion by rumen 
microorganisms. The in vitro studies indi- 
cated that the inhibition was due primarily 
to a competition between the cellulolytic and 
amylolytic groups of bacteria for nutrients. 
The major nutrient was nitrogen, although 
the results suggested other nutrients could 
also be involved. 

In vivo trials with filter paper in nylon bags 
in the rumen of sheep showed similar inhibi- 
tion of cellulose digestion when the sheep were 
fed increasing proportions of corn in hay and 
corn rations. With hay to corn ratios of 2:1 
or 1:1, partial or complete aileviation of the 
inhibition of cellulose digestion could be ob- 
tained by supplementing the rations with 
urea; however, when the ratio was 1:2 addi- 
tional nitrogen as urea was ineffective. 

Although other nitrogen supplements were 
active, urea appeared to be most efficient in 
alleviating the inhibition. 
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A NEW PHOTOGRAPHIC TECHNIQUE FOR DETERMINATION 
OF FAT AND LEAN AREAS IN MEAT CARCASS CUTS 


C. L. SHREWSBURY AND Don WIDEMAN 


Southwest Agricultural Institute, San Antonio, Texas 


ESEARCH in meats is bringing into use 

new methods to determine fieshing quali- 
ties in the living animal. In selecting animals 
for breeding and in buying animals for slaugh- 
ter, it is becoming increasingly important to 
evaluate the rib-eye or other areas in the live 
animal. During the past few years, several 
workers (Stouffer, 1959; Price et al., 1958) 
have reported results by ultrasonic techniques. 
In using these techniques, it is necessary to 
reconstruct the form of the rib-eye area from 
ultrasonic data. In order to evaluate the accu- 
racy of ultrasonic methods, it is necessary 
accurately to determine the areas of muscle 
and fat in the chilled carcass. In the past, 
tracings of the areas under study have been 
employed. These tracings are time consuming 
and generally difficult to obtain under pack- 
ing house conditions. Therefore, attention was 
given to the development of a photographic 
technique. 


Experimental 


The equipment developed makes use of 
a light aluminum frame which is attached to 
a 35 mm camera by means of two aluminum 
rods (figure 1). This frame, which is approxi- 
mately 7x10 in., is designed so that all ob- 
jects within its boundary are reproduced in 
the photograph. The frame is placed over the 





Figure 1. Aluminum frame attachment for 
camera used in photographing meat cuts for 
carcass evaluation. 


field to be photographed, such as the rib-eye 
area of beef, and the exposure is made. The 
camera used was an EXA Thagee fitted with 
an Eastman Portra auxiliary lens. Panatomic 
X film and M2 flash bulbs were used. The 
camera settings were {/16, 1/150 sec., and 
4.3 ft. Under these conditions, it is necessary 
only to place the frame over the field and 
make the exposure without reference to the 
view finder. After developing the film, prints 
are made to actual size on single weight, non- 
shrink enlarging paper. The enlarger setting 
was determined by photographing a scale 
graduated in 0.1 in. Thus, the resulting photo- 
graph (figure 2) is the actual size of the meat 


Figure 2. Photograph of rib-eye area of beef 
carcass cut at 12th rib showing various muscles 
and fat areas. 1. Longissimus dorsi, 2. Spinalis 
dorsi, 3. Multifidus dorsi, 4. Intercostal muscles, 
5. Longissimus costarnum, 6. Latissimus dorsi. 


photographed. Reference to the photograph 
shows good definition of the various muscles 
of a beef carcass cut at the 12th rib, as well 
as the character of the tissue, degree of mar- 
bling, and fat cover. The area of the rib eye, 
associated muscles, and fat cover are easily 
and accurately determined by planimetery of 
the photograph. 


Results and Discussion 


Corbin et al. (1959) reported the develop- 
ment of a photographic method that projects 


274 





PHOTOGRAPHIC TECHNIQUE 


by means of a mirror the rib-eye area of meat 
animals onto a glass surface from which the 
area is then determined with a planimeter. 

Deering (1960) also reports a similar pho- 
tographic technique in which he makes use 
of mirror projection on a calibrated grid from 
which the meat area is directly determined. 

The accuracy of the photographic reproduc- 
tion described herein was found to be ap- 
proximately 99%. The accuracy of the plani- 
meter readings is 99.99% when 10 sq. in. or 
more are measured by a careful operator. 

In three separate studies involving a total 
of 73 head of cattle in which readings were 
made of the rib-eye area in the live animal 
by ultrasonic techniques, and where photo- 
graphs by the above techniques were avail- 
able, the average percent difference was 9.36. 
This difference does not necessarily consti- 
tute error in the techniques, since there are 
inherent errors in comparing the cross-section 
area of a live and dead muscle, as well as 
other errors in making ultrasonic and actual 
measurements at precisely the same place in 
the same animal. Insofar as the photographic 
technique is concerned, it has been found 
practical, rapid, easy to carry out, and ac- 
curate. 

There has been some confusion in defini- 
tion of and reporting rib-eye areas by various 
investigators. The packing house researchers 
generally report the rib eye as the Longis- 
simus dorsi and Spinalis dorsi muscles. Some 
investigators include only the tissue of the 
Longissimum dorsi muscle. Actually, at least 
six different muscles are well defined at the 
12th rib (See figure 2). The areas of these 
.were found to have the following relationship: 


Zio 
Muscle Percent of total area 


67.1 


Area 





Longissimus dorsi 
Spinalis dorsi 
Multifidus dorsi 
Intercostal muscles 
Longissimus costarnum 
Latissimus dorsi 


A uniform method of reporting rib-eye area 
is needed. In ultrasonic work, it has been 
found that better agreement is obtained when 
the areas of the Longissimus dorsi and Spi- 
nalis dorsi are used. Actually, the ultrasonic 
technique measures all of the six meat areas 
it “sees,” providing the sound waves strike 
these areas. 


Summary 


A new, rapid technique has been described 
for photographing muscle and fat areas in 
meat carcasses. These areas are reproduced 
photographically at actual size, which can 
easily be determined with a planimeter. The 
use of the method in connection with ultra- 
sonic determination of fleshing qualities in the 
live animal is also described. 
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MUSCLE CREATINE IN THE NEONATAL PIG 


J. P. Baxer,? D. E. Becker, A. H. JENSEN AND S. W. TERRILL ? 3 


Illinois Agricultural Experiment Station, Urbana 


E gaon pre-weaning death losses of baby pigs 
constitute the largest percentage of total 
losses which occur, reaching an average of 20 
to 30 percent of those pigs farrowed alive, 
according to a number of studies (Lush and 
Molln, 1942; Weaver and Bogart, 1943; Win- 
ters et al., 1947; Carroll and Krider, 1956). 
Moreover, it has been shown that from 60 to 
90 percent of these losses occur during the 
first week of life (Foster and Vestal, 1944; 
Carroll and Krider, 1956). Weight at birth 
is widely accepted as one of the best indicators 
of expected survival rate of pre-weaning pigs. 
This emphasizes the need for a suitable means 
of supplying an additional impetus for growth 
to the small, weak pig immediately after birth. 

The demands upon the stores of energy of 
the newborn pig are continuous in nature. 
Since creatine phosphate is recognized as a 
store of readily available energy in skeletal 
muscle, the fundamental importance of an 
adequate supply of creatine is obvious. 

It was the purpose of this study to investi- 
gate the pattern of muscle creatine level in 
the pig during the first 2 weeks of life, and 
to investigate the possibility of influencing 
muscle creatine content and/or rate of growth 
through the use of exogenous sources of crea- 
tine precursors. 


Materials and Methods 


Muscle Creatine Study. Two experiments 
were conducted in which muscle creatine de- 
terminations were made at varying ages dur- 
ing the early life of the suckling pig. In the 
first of these trials 47 crossbred pigs from 
eight litters were used. At the time of farrow- 
ing, pigs were selected at random within lit- 
ters to be sacrificed at birth and at 1, 2, 3, 4, 
6, 10, and 14 days of age. Samples of ham 


1 This material is based upon part of a thesis submitted by 
the senior author in partial fulfillment of the requirements 
for the Ph.D. degree at the University of Illinois. Present 
address: Department of Animal Husbandry, University of 
Idaho, Moscow, Idaho. 
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8 The authors wish to acknowledge Allied Chemical Company, 
Hopewell, Virginia; International Minerals and Chemical Cor- 

ration, Chicago, Illinois; Abbott Laboratories, North Chicago, 

Illinois; E. I. du Pont de Nemours & Company, Wilmington, 
Delaware; and Specifide, Inc., Indianapolis, Indiana for funds 
and products which made this study possible. 


muscle (gluteus medius, gluteus accesorius, 
gluteus profundus, biceps femoris, rectus fem- 
oris) were taken and muscle creatine deter- 
mined by the method of Rose, et al. (1927). 

The pigs were maintained with their dams 
with freedom to nurse until the time of sacri- 
fice. No creep feed was supplied. 

In Trial II seventy-five crossbred pigs from 
eight litters were used. At the time of farrow- 
ing, pigs were randomly selected within litters 
to receive injections of the following solutions: 
(1) physiological saline solution; (2) crea- 
tinine solution; and (3) L-arginine. HC1 + 
glycine + DL-methionine solution. 

Solutions 2 and 3 were constituted to con- 
tain the molecular equivalent of 20 mg. of 
creatine per ml. and were adjusted to physio- 
logical pH. All treatments were daily injec- 
tions of 5 ml. given intraperitoneally from 
birth until the time of sacrifice. Pigs were 
randomly selected within litters for sacrifice 
at birth, and at 1, 3, 5, and 10 days of age. 
Samples of muscle tissue were taken and crea- 
tine analyses were made as described for 
Trial I. 

Growth Study. There were six growth ex- 
periments conducted with suckling pigs in 
which the same general technique was em- 
ployed. In these studies the pigs were main- 
tained in farrowing stalls with free access to 
the sows for nursing except for two daily 
periods of approximately one hour each when 
the sows were turned out for feed and water. 
No water or creep feed was supplied the pigs, 
the sow’s milk constituting the entire diet 
during the experimental period. The pigs were 
weighed individually at birth and at the end 
of the experimental period (ten or fourteen 
days of age). Iron was administered for the 
prevention of anemia by a conventional 
method (either an oral iron pellet or an injec- 
tion of an iron dextran preparation) when the 
pigs were approximately three days of age. 

The experimental materials utilized in these 
studies included creatine hydrate, creatinine, 
guanidoacetic acid, arginine, glycine, and me- 
thionine. They were administered by intra- 
peritoneal injections of aqueous solutions or 
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suspensions. In all cases the preparations were 
adjusted to physiological pH. In some cases 
a single injection was given, while in others 
multiple daily injections were administered. 

The criterion used for measuring responses 
to the treatments was gain from birth to the 
end of the experimental period. 

Statistical analysis of the data collected was 
by the method of least squares, with the vari- 
ability associated with litter, sex, and birth 
weight removed. 


Results and Discussion 


Muscle Creatine Study. The level of muscle 
creatine has been shown to increase with age 
in a number of vertebrate species (Mellanby, 
1908; Myers and Fine, 1913a; Burns, 1916; 
Sendu, 1927; Baldwin and Needham, 1933; 
Hovarth, 1945; Griminger e¢ al., 1955; Fisher 
et al., 1956a & b), however no evidence of work 
done in this area with swine was found in the 
literature. An increased level of muscle cre- 
atine has been reported for rabbits (Myers 
and Fine, 1913b; Thompson, 1917; Lyman 
and Trimby, 1917), for rats (Beard and 
Barnes, 1931; Beard and Boggess, 1935; 
Beard and Pizzolato, 1938; Beard and Jacob, 
1939), for poults (Scott, 1951), and for chicks 
(Almquist et al., 1941; Fisher et al., 1955; 
Fisher et al., 1956a & b) from the administra- 
tion of creatine or creatine precursors. More- 
over, an increase in growth rate from the ad- 
ministration of creatine precursors has been 
reported for rats (Caspe, 1947; Baron, 1958) 
and for chicks (Almquist e¢ al., 1941, 1943; 
Fisher e¢ al., 1955; Hogan et al., 1957; Ed- 
wards et al., 1958; Savage and O’Dell, 1960), 
although the evidence is not entirely conclu- 


TABLE 1. INFLUENCE OF AGE ON MUSCLE 
CREATINE IN THE NEONATAL PIG. TRIAL I. 








Standard 
error 


Fitted 
constants” 


-03 0.48 
.14 0.59 
-63 0.49 
26 0.53 
34 0.52 
.80 0.57 
.03 0.68 
.89 0.67 


Av. muscle 
creatine * 


13.94 
1 15.72 
2 14.55 
3 14.68 
4 13.74 
6 

10 


Age 
in days 


Birth 





14.26 
16.92 
17.34 
14.92 


® Expressed as mg./gm. dry tissue. 2 

> Deviation from the mean as determined by the method 
of least squares. 

© Degrees of freedom for error=30; error mean square= 


” * Significant (P<.05). 
** Significant (P<.01). 


geen cre | 
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sive in the case of rats (Chanutin, 1927; 
Mitchell, 1942). 

Trial I. The average values for muscle cre- 
atine content (expressed as mg. per gm. of dry 
tissue) for pigs sacrificed at different ages and 
the statistical treatment of the data are shown 
in table 1. From these data it may be seen 
that the level of muscle creatine was compara- 
tively low at birth and did not increase in a 
consistent manner until after the sixth day of 
life. An examination of a plot of the fitted 
constants for effect of age against age in days 
(figure 1) reveals an apparent sharp increase 
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_Figure 1. Effect of age on muscle creatine in 
pigs. 





in the level of muscle creatine at one day of 
age, but this increase was not statistically 
significant. 

When the values for muscle creatine at days 
2, 3, 4, and 6 were compared statistically on 
an individual basis with the value at birth, 
none of the values attained significance, while 
those for days 10 and 14 were significantly 
higher than at birth. 

Since the period during which muscle cre- 
utine was observed to be low and during which 
its rate of increase was relatively slow was 
coincidental to that period in which baby pig 
losses are known to be greatest, it was deemed 
desirable to investigate the possibility of in- 
creasing muscle creatine and of increasing rate 
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TABLE 2. THE INFLUENCE OF TREATMENT 
AND OF AGE ON MUSCLE CREATINE IN 
THE NEONATAL PIG. TRIAL II. 


__(mg. creatine/gm. dry tissue) ___ 
Physio- 

logical 
saline 





Amino 


Untreated Creatinine acids 








® At time sacrificed. 


of gain through the administration of creatine 
or creatine precursors. 

Trial II. The results of this trial are given 
in table 2. Analysis of the data was by the 
method of least squares, with the variability 
associated with litter, sex, and birth weight 
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five to six days of life, was synthesized at a 
rate commensurate with the physiological 
needs of the pig. 

Growth Study. In the six growth experi- 
ments conducted, intraperitoneal injections of 
creatine and creatine precursors were adminis- 
tered to nursing pigs both as single injections 
and as multiple daily injections. 

The results of Trial III in which single in- 
jections of various creatine precursors were 
administered to 120 pigs are shown in table 4. 
Statistical analysis of the data was by the 
method of least squares with the variability 
associated with litter, sex, and birth weight 
removed. The fitted constants reflect the varia- 
tion attributable to treatment. As may be 
noted from the table, gains were lower for 
all treated pigs than for the controls, although 
only in the group receiving a combination of 


TABLE 3. THE INFLUENCE OF TREATMENT AND OF AGE ON MUSCLE CREATINE. TRIAL I. 








Comparison 





Treatment 
Physiological saline vs. creatinine 
Creatinine vs. amino acids 


Age 
Birth vs. 1, 3, 5, and 10 days 
1 day vs. 3, 5, and 10 days 
3 days vs. 5 and 10 days 
5 vs. 10 days 


constants 


Fitted Standard 
error 


.30 
.49 


oe 
32 
32 
«ae 





® Degrees of freedom for error=55; error mean square—2. 


* Significant (P<.05). 
** Significant (P<.01). 


removed. The pertinent portions of the analy- 
sis are presented in table 3. An examination of 
the fitted constants for the treatment compari- 
sons revealed no significant differences due to 
treatment, however, there were significant in- 
creases with increasing age. A plot of the fitted 
constants for the age comparisons against 
age in days (figure 1) resulted in the same 
general type of curve as was observed in 
Trial I, except that the peak seen at one day 
of age in the first trial was not present in 
Trial II. 

The increase in muscle creatine with in- 
creasing age observed in the pigs was in gen- 
eral agreement with the work reported with 
other species. The observations that muscle 
creatine increased with increasing age accord- 
ing to the same general pattern in treated and 
untreated pigs suggested that muscle creatine, 
although comparatively low during the first 


arginine and glycine was the depression sig- 
nificant. The greater depression in this group 
may have been due to the greater amount of 
nitrogen administered to this group as com- 
pared to the other treatment groups. 

In five additional growth experiments, 


TABLE 4. THE EFFECT OF INJECTIONS OF 
VARIOUS CREATINE PRECURSORS IN THE 
NEWBORN PIG ON SUBSEQUENT 

' GROWTH. TRIAL III. 








Av. gains 
birth-14 Fitted Standard 


constants error 


+ .043 
+.041 
—.001 
—.017 
+.028 
— .094 


Treatment 





Untreated 
Creatine hydrate 
Creatinine 
L-Arginine-HCl 

lycine 4 
L-Arginine-HCl—Glycine 
Mean a 





® Degrees of freedom for error=99; error mean square 
“** Significant (P<.01). 
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treatments included injections of creatine hy- 
drate, creatinine, guanidoacetic acid plus me- 
thionine, and arginine plus glycine plus me- 
thionine. The results of these trials were essen- 
tially the same as those of Trial III with no 
significant effect upon growth except for a 
depression at high dosage levels. 

It was of interest to note that although the 
pattern of increasing muscle creatine with 
increasing age was observed, there was no 
increase in muscle creatine nor in growth from 
the administration of creatine precursors as 
had been reported for other species by nu- 
merous investigators. This might be explained 
by the fact that the pigs were receiving the 
sow’s milk in addition to the administered 
material, while in the trials with other species 
complete control of the diet was possible. It 
appears more likely, however, especially in 
view of the recent report by Van Pilsum 
(1957), that creatine biosynthesis is rather 
strictly controlled and is largely independent 
of the level of creatine precursors supplied. 


Summary 


Some aspects of the role of creatine in the 
growth of the young pig were investigated by 
two different techniques: investigation of mus- 
cle creatine levels, and growth studies. 

In the muscle creatine study a total of 122 
pigs were sacrificed at ages ranging from birth 
to fourteen days of age and creatine deter- 
minations were made on muscle samples taken 
from the pigs. This study revealed that, for 
the nursing pig, the content of muscle creatine 
increased a statistically significant amount 
during the first ten to fourteen days of life 
and that the major portion of this increase 
occurred during the latter half of the period. 

Attempts to increase the level of muscle 
creatine at a faster rate or an earlier age by 
intraperitoneal administration of creatine pre- 
cursors were unsuccessful. 

In the growth study, involving a total of 
629 pigs, attempts to increase rate of growth 
by intraperitoneal administration of creatine 
or creatine precursors were without success, 
and some growth depressions resulted from 
high dosage levels. 

From a consideration of these results it ap- 
pears that creatine biosynthesis and growth 
rate in the pig are largely independent of the 
level of exogenous creatine precursors sup- 
plied in addition to the sow’s milk. 
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THE EFFECT OF ENVIRONMENT FROM WEANING TO FIRST 
BREEDING ON LIFETIME PRODUCTION OF EWES 


G. E. Braprorp,) W. C. Weir! anp D. T. Tore ? 


University of California, Davis 


MAY range sheep areas in this and other 
countries are characterized by periods 
each year when the available feed supply is 
low in quantity or quality or both. Most 
operations are timed so that the ewes are dry 
during this period and therefore their nutrient 
requirements are at a minimum. However, 
the requirements of ewe lambs raised for re- 
placements may not be met by the available 
range feed supply, with the result that they 
are small in size and have poor lamb produc- 
tion following first breeding as yearlings 
(Esplin e¢ al., 1940). Further, it has been 
shown (El-Sheikh e¢ al., 1955; Foote et al., 
1959) that feeding ewe lambs at a level above 
recognized requirements for a period of 6 
months or more prior to first breeding results 
in a marked increase in ovulation rate. The 
effect of plane of nutrition of ewes during their 
first year of life on lifetime performance does 
not appear to have been investigated. 

The study reported here involved a com- 
parison of the size and lifetime lamb and 
wool production, under range conditions, of 
ewes raised ffom weaning to about 16 months 
of age in two environments which differed 
primarily in quantity and quality of feed 
available. 


Materials and Methods 


Two groups of ewes were used for the ex- 
periment. One group of 70 ewe lambs from 
whiteface ewes of unknown breeding and sired 
by Corriedale rams was part of the flock on 
the 5,000-acre ranch at Hopland when it was 
purchased by the University in 1951 for use 
as a range experiment station. The second 
group consisted of 30 Rambouillet-Merino 
crossbred ewes born in December of 1950 in 
the University flock at Davis. 

The Rambouillet-Merino ewe lambs at 
Davis were weighed on June 27, 1951 and 
allotted on the basis of these weights to two 
groups of fifteen ewes each. One group re- 
mained at Davis (RM-D group) while the 


1 Department of Animal Husbandry, Davis. 
2 Department of Animal Husbandry, Hopland. 


other was transferred to Hopland on July 4 
(RM-H group). The Corriedale-sired ewe 
lambs at Hopland were weighed on July 8 
and similarly allotted to two groups of 35 ewes 
each. One group remained at Hopland (C-H 
group) while the other was transferred to 
Davis on July 10 (C-D group). 

The two groups at Hopland (RM-H and 
C-H) were run as a single group on unsup- 
plemented range for the remainder of the 
summer and during the following winter. The 
Hopland range is an annual grassland type 
with a considerable cover of oak and brush 
in some areas. Elevation of the station varies 
from 500 to 3,000 ft. with an average annual 
rainfall of approximately 35 in. at the lower 
and 45 in. at the higher elevation. This rain- 
fall comes entirely in the fall, winter and 
spring, with the period of dry feed extending 
from May or early June to October or No- 
vember or later depending on the season. Al- 
though there is usually green feed available 
during late fall and early winter, the heavy 
rainfall and low temperatures result in rela- 
tively low quality “washy” feed until Febru- 
ary or March. Thus the period of good feed is 
restricted to about two to three months in 
the spring. Carrying capacity for the entire 
station averages about one sheep per four 
acres on a year-round basis. 

The two groups of ewes at Davis (RM-D 
and C-D) grazed on irrigated Ladino clover 
and trefoil pasture during the summer and 
fall, and were fed alfalfa hay ad libitum plus 
about 1% Ib. barley per ewe per day from No- 
vember to April. These ewes were transferred 
to the Hopland Station on April 22, 1952 and 
placed with the RM-H and C-H groups. Ewes 
in all four groups were shorn, weighed, and 
measured during the first week of June, 1952. 
Side samples of approximately 100 grams were 
taken from each fleece and scoured for the 
determination of clean wool yield. 

The term reared as used throughout this 
paper, e.g. Davis-reared or Hopland-reared, 
refers to postweaning treatment rather than 
preweaning environment. Differences between 
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these two flocks are much greater for post- 
weaning than for preweaning performance, 
and it has been assumed that preweaning en- 
vironment did not exert an appreciable influ- 
ence on later performance of ewes in this ex- 
periment, i.e. that valid comparisons of the 
two breed groups, born and raised to weaning 
in different flocks, may be made. 

All four groups of ewes were maintained as 
a single flock at the Hopland Station through 
1957—five lambing seasons. They were flock- 
bred to Corriedale rams each year. Rams were 
turned in July 15 in 1952 through 1955 and 
on August 7 therafter. All ewes received a 
salt-cottonseed meal supplement each year 
from breeding through the end of the dry-feed 
season. The amount consumed varied with 
season but was always less than 0.5 lb. cotton- 
seed meal per ewe per day. Data on lambing 
date, number of lambs born and weaned, 
grease fleece weights and body weights were 
recorded for all ewes throughout the experi- 
ment. Two body measurements, height at 
withers and heart girth, were repeated in 1953 
after all groups of ewes had spent one year in 
the same environment. Lambs were weighed 
at shearing at about 3 to 4 months of age and 
again at weaning at 4 to 5 months of age. 
Weights were adjusted to 120 days by linear 
interpolation. 

No culling, except for unsoundness, injury 
or disease, was practiced until after the fifth 
lamb crop was weaned in 1957. All groups 
were subjected to normal culling procedures 
for the flock after the lambs were weaned in 
1957, 1958 and 1959. Any of the following 
conditions—spreading or missing teeth, bad 
udder, very poor condition, failure to raise a 
lamb, or low lamb or wool weight—would 
result in a ewe of this age being culled. 
Excess skin folds may also have been con- 
sidered, since the Rambouillet-Merino ewes, 
which showed this trait to a considerable de- 
gree, left the flock earlier than the Corriedale 
crosses in spite of their equal or superior lamb 
and wool production. 
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The ewes in this experiment were not kept 
as one unit at breeding in 1957 and 1958. 
However, they were all bred to similar rams 
and treated comparably, and data from these 
two years are presented as they provide in- 
formation on length of productive life. Fol- 
lowing culling in 1959, only one ewe of the 
original 100 remained in the flock, and the 
experiment was considered terminated at that 
time. 

Data on body weights and measurements, 
wool weights and lamb production were an- 
alyzed by analysis of variance, considering 
the effect of breed (which also includes pre- 
weaning location), treatment during first win- 
ter (plane of nutrition and location), and 
interaction between these two. Although the 
numbers of observations in the different sub- 
classes were not exactly proportional in all 
cases, it was felt that the disproportionality 
was not sufficient to warrant special methods 
of analysis. 


Results 


The numbers of ewes in the four groups, 
by years, are shown in table 1. Weights of 
these ewes at the start of the experiment, 
during the first year treatment and at breed- 
ing time each year at ages of one through six 
years are shown in table 2. The Davis-win- 
tered ewes were approximately 27 lb. heavier 
than those wintered at Hopland by March of 
the following spring, and although the dif- 
ference diminished rapidly when they were 
placed in the same environment, it remained 
statistically significant until the ewes were 
past four and one-half years of age and never 
disappeared entirely in the Corriedale-sired 
group. 

Body measurement data are presented in 
table 3. Measures reflecting largely condition 
—heart girth and chest width—were affected 
proportionately more by treatment than were 
measures of skeletal size—height at withers 
and chest depth. Rambouillet-Merino ewes 


TABLE 1. NUMBER OF EWES IN FLOCK BY YEARS 








Group * 1951-52 1952-53 1953-54 


1954-55 


1955-56 1956-57 1957-58" 1958-59 1959-60 





RM-D 15 15 15 
RM-H 15 15 14 13" 
C-D 35 35 35 33 
C-H 35 35 35 34 


15(13) ° 


13 10 5 2 0 
13 11 10 3 0 
31 29 16(15) ° 7 te) 
31 29 19(18) ° 7 1 





“First letters refer to the breed of the ewes (RM-Rambouillet-Merino cross; C-Corriedale sired), the 
H-Hopland: unsupplemented range). All ewes at Hopland after 1952. 


first year treatment (D-Davis: irrigated pasture+-drylot; 
» First culling practiced in 1957. 


¢ Number of ewes at start of breeding season (number of ewes at start of lambing). 


breeding and lambing. 


4@QOne ewe transferred to another experiment by mistake. 


the second to 


Difference due to mortality between 


Not included subsequently. 
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TABLE 2. WEIGHTS OF EWES AT DIFFERENT AGES (POUNDS) 








Date (month and year) and age when weighed 





7/51 
6 mo. 


11/51 
10 mo. 


3/52 


Group 14 mo. 


7/52 
1.5 yr. 


7/53 
2.5 yr. 


7/54 
3.5 yr. 


7/55 
4.5 yr. 


8/56 
5.6 yr. 


8/57 
6.6 yr. 





RM-D 
RM-H 


70.5 
70.5 


106.1 
78.8 


22.3 


91.2 
72.0 


19.2 


91.5 
74.9 


16.6 


Difference 0 


C-D 76.8 
C-H 76.7 


Difference 0.2 


Effect of 
treatment* 


Effect of 
breed ”° NS. NS. 


** 


101.5 
96.2 


106.3 
102.5 


3.8 


116.0 
110.1 


3. 5.9 


117.2 
113.9 


115.0 
115.0 


3.3 0 


127.3 
120.9 


6.4 


117.2 
119.1 


—1.9 


124.7 
121.1 


3.6 


we 
09. 
04. 


3:5 


* 


N.S. NS. 


N.S. NS. 





® Effect of treatment: Davis-reared vs. Hopland-reared. 


> Effect of breed: Rambouillet-Merinos born at Davis vs. Corriedale-sired ewes born at Hopland. | ; 
© Treatment x breed interaction was not significant in any analysis except one, hence it is not given as an effect in 


any of the tables. 
” 05 


P<.05. 
ne eee a 


were similar in chest depth and height at 
withers to Corriedale-sired ewes but had nar- 
rower chests and smaller heart girths. Ewes 
reared on the higher plane of nutrition still 
showed larger heart girth and height at 
withers after a year in a common en- 
vironment, but these differences were . not 
significant. 

Wool production is shown in table 4. Dif- 
ferences between treatments were highly sig- 
nificant immediately following treatment and 
again two years later but were not significant 
in the intervening year nor in the third year 
or later. Rambouillet-Merino ewes, in spite 
of their lighter body weights, produced more 


wool than Corriedale-sired ewes throughout 
their lifetime. 

The mean lambing dates, recorded as days 
from July 1, are shown in table 5. The later 
lambing for all groups in 1957 was due to 
difference in breeding date. Davis-reared ewes 
lambed approximately 8 days earlier the first 
year, a difference which was significant. In 
each year thereafter these ewes lambed 2 to 
more than 3 days later, the difference being 
significant in 1 of the four years. Rambouillet- 
Merino ewes, as would be expected, tended to 
lamb earlier than Corriedale cross ewes. The 
difference was significant two of the five years. 

Number and proportion of ewes lambing 


TABLE 3. BODY MEASUREMENTS AND WEIGHTS 








June 10, 1952 (17 mo.) 


April 21, 1953 (28 mo.) 








Ht. at 
withers 


Chest 


Group Weight depth 


Chest 
width 


Ht. at 
withers 


Heart 


Weight girth 





Ib. 
96.4 
83.9 


12.5 
104.6 


cm. 
60.7 
61.3 


cm. 
27.0 
25.9 


RM-D 
RM-H 


—0.6 
61.9 


Difference 
C-D 


cm. 


a 
Ls 
© oO 


lb. 
96.6 
92.9 


cm. 
63.3 
62.4 


0.9 
64.0 


mS 
no = 
wu ~-o 


|; 


p 
R. 
C-H 60.0 6. 


1.9 1. 
Treatment NS." nia 
Breed NS. NS. 
a Peis (P<.05) treatment x breed interaction. 
# Pe .05. 
** PE01, 


93.3 


11.3 


63.0 


1.0 
NS. 
NS. 


iy 
i) 


Difference 


* 
* 


* 
* 
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TABLE 4. WOOL PRODUCTION (POUNDS) 








Grease Clean 
weight weight Grease weight 








Group 1952 1952 53 1955 1956 


RM-D 11.94 6.64 9.67 8.41 
RM-H 8.85 5.15 8.92 8.30 





Difference 3.09 1.49 0.75 0.11 


C-D 10.56 5.91 8.43 7.50 
C-H 8.24 4.89 8.70 7.50 


Difference 2:32 1.02 —.27 0.00 


Treatment 2 oY, v.S. NSS. NS. 
Breed a oF a 5 ake Cao 





* P<.05. 
we Pew. 


TABLE 5. LAMBING DATES 
(Days from July 1) 


1955 





Group j 1954 


RM-D : 187.6 179.5 
RM-H 3. 183.3 176.0 


Difference : ee 3.5 


C-D , ; 183.9 
C-H ° 3 180.8 





Difference S . 3.1 
Treatment . 
Breed 


* P<.05. 
** P<.01. 


*% 





TABLE 6. EWE FERTILITY AND LAMB SURVIVAL 








Item 1953 1954 1955 1956 1957 


No. ewes 15 15 13 13 10 5 
% lambed 93 100 100 100 100 100 
Lambs born/ewe bred 0.93 a; 1.08 1.31 1.00 
Lambs weaned/ewe bred 0.87 & 0.92 1.08 1.00 
% lamb mortality py | 6. 14.3 17.6 0 0 


14 13 13 11 10 
100 100 100 100 

1.08 1.23 1.18 1.50 

1.08 0.92 1.09 

0 25.0 Vad 26.7 


33 29 15 

100 93 87 
1.18 26 1.10 1.20 
1.00 .97 1.00 1.07 
15.4 ; 9.4 11.1 


33 29 18 

100 100 89 

1.15 ‘ 1.17 1.17 
1.09 1.14 5 
oe , 2.9 9. 
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Lambs born/ewe bred 
Lambs weaned/ewe bred 
% \amb mortality 


No. ewes 

% \ambed 

Lambs born/ewe bred 
Lambs weaned/ewe bred 
% lamb mortality 


No. ewes 

% l\ambed 

Lambs born/ewe bred 
Lambs weaned/ewe bred 
% lamb mortality 
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and number of lambs born and weaned per 
ewe bred are shown by years in table 6. 
Differences among the four groups were not 
large, although when both breed groups were 
combined, the means for two of the three 
items contributing to number of lambs raised 
—percent of ewes lambing and lamb survival 
—favored the range-reared ewes, while the 
frequency of twins among ewes lambing was 
essentially the same for both treatments. The 
difference in favor of the Hopland-reared 
ewes in number of lambs raised per ewe per 
year over the first five years of the experi- 
ment, 0.07 lamb, approached significance 
(P=0.09). There were fewer ewes in all 
groups in 1958 and 1959, but the same trend 
continued. 

Lamb weights adjusted to a standard age 
of 120 days are shown in table 7. Data on 
single lambs only are shown in table 7A; 
there were not enough twins to permit analy- 
sis of these data. There was little difference 
in mean weight per lamb between the two 
treatment groups. Mean total weight of lamb 
produced per ewe bred, shown in table 7B, 
was larger for the Hopland-wintered groups 
in nine out of ten comparisons and averaged 
about 3.5 lb. per ewe per year for the five 
years. This difference was not statistically 
significant. 

The lifetime lamb production of the four 


TABLE 7. 120-DAY LAMB WEIGHTS (POUNDS) 








A. Average weight per lamb (singles only) * 
Group 1953 1954 1955 1956 


RM-D 64.6 54.7 
RM-H 63.2: $3.2 


1957 


71.1 
74.2 


—3.1 


68.6 
69.1 


—.5 





59.2 
58.9 


0.3 1.4 


° 58.2 64.2 
‘ 56.8 63.4 


0.8 


63.1 
60.4 


1.5 


Difference 
C-D 6 
C-H 5 


54.4 
57.0 


1.4 


Difference a —2.6 


B. Average total weight per ewe bred ” 
1953 1954 1955 1956 


54.7 60.6 58.5 
59.1 68.0 50.1 


—4.4 —7.4 8.4 


58.4 61.5 48.9 
59.1 66.4 52.1 


—.7 


* Treatment, breed and interaction effects all non-significant, 
except for difference between breeds in 1957 (P<.05). | 
> Treatment, breed and interaction effects all non-significant. 


1957 


ce F 
76.9 


—5.8 


65.1 
73.8 


Group 


RM-D 
RM-H 





57.4 
61.6 


—4.2 


49.9 
53.4 


Difference 


C-D 
C-H 


—8.7 


—3.5 


—4.9 


Difference —3.2 
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TABLE 8. TOTAL LIFETIME LAMB PRODUC- 
TION 1953 THROUGH 1959 (POUNDS) 








Av. total wt. 
of lamb weaned/ewe 
Av. 
wt./lamb 





Group Lifetime 


RM-D 
RM-H 


Per yr. 





69.7 
68.6 


Difference 1.1 


C-D 65.6 
C-H 66.2 


—.6 
NSS. 
NSS. 


66.8 
71.2 


—4.4 


64.2 
69.0 


325.2 
374.8 


—39.6 


339.2 
372.8 


—4.8 
N.S.(P=.09) 
NSS. 


—33.6 
NS. (P=.13) 
NS. 


Difference 
Treatment 
Breed 





groups of ewes, through 1959, or seven years 
for the longest-lived ewes, is summarized in 
table 8. Weaning weight of lamb rather than 
120-day weight is shown here since it may 
be regarded as an index combining lambing 
date and lamb weight to a given age. The two 
measures lead to the same conclusion. 

Results of tests of significance for interac- 
tion between treatment and breed group are 
not shown in the tables. The only significant 
interaction involved height at withers in 1952 
(table 3). In all other comparisons, the re- 
sponse of the two groups to the first-year 
treatment was highly consistent. 


Discussion 


Lifetime lamb production of ewes under 
range conditions apparently was not improved 
by feeding them during their first year at a 
level which promoted continuous growth, as 
compared with range rearing in which the 
ewes barely maintained weight for six months 
after weaning and then gained only slowly 
until breeding the following year. This result 
occurred in spite of the fact that the ewes 
reared on the higher plane of nutrition were 
approximately 34% heavier as yearlings and 
still significantly heavier than the range- 
reared ewes after three years in a common 
environment. The mean total weight of lamb 
produced during the lifetime of the ewes 
actually was greater for both range-reared 
groups (RM-H and C-H). These differences, 
however, were not statistically significant at 
the generally accepted 0.05 level of probabil- 
ity. The within group variability in lamb 
weight per ewe is very large and hence very 
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large differences between treatments would be 
necessary to show statistical significance. The 
large increase in error mean square for lamb 
weight per ewe compared to that for individ- 
ual lamb weight is due to variation in ewe 
fertility, twinning percentage, and lamb mor- 
tality. 

These results do not clearly establish that 
the ewes raised on a high plane of nutrition 
were inferior lamb producers compared to 
ewes raised on a low plane. However, all or 
nearly all components of performance exhibit 
this trend. Range-reared ewes tended to stay 
in the flock slightly longer, have fewer dries, 
lamb earlier (after the first year) and wean a 
higher percentage of the lambs born. Differ- 
ences in number of lambs raised, and there- 
fore in average total weight of lamb per ewe 
per year, approached significance (P=0.09). 
At least it is clearly established that the 
greater size of the ewes reared on the higher 
plane of nutrition was of no benefit to them 
in later life under range conditions. 

The data presented are based on sheep 
born in one year only, and with the variation 
known to occur between years (as evidenced 
by the lamb weights shown in table 7) there 
is a question as to whether similar results 
would have been obtained with another year’s 
ewe lambs. 

The experiment was partially replicated, 
starting with a group of 100 ewe lambs born 
in the Hopland flock in 1952. Half of these 
ewes were wintered at Hopland and the re- 
mainder brought to Davis, as in 1951. How- 
ever, there occurred differences in subsequent 
treatment of the ewes as compared to 1951. 
The ewes at Hopland received some supple- 
ment, while the ewes at Davis did not gain 
as rapidly as those the previous year, and thus 
the difference in weight between the two 
groups reached only about 20 lb. per ewe as 
compared to more than 27 lb. in the 1951 
groups. Fourteen of the Davis-wintered ewes 
were accidentally killed by a train. The two 
groups were not managed as a single flock at 
breeding time after the remaining Davis-win- 
tered ewes were returned to Hopland in April 
1953, and detailed results are not presented. 
However, the results which were comparable 
lead to conclusions similar to those reported 
for the 1951 ewes. There were large and sig- 
nificant differences in body weight and wool 
weight as yearlings. Significance of differences 
in wool weight had disappeared by two years 
of age and in body weight by three years of 
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age. Lambing dates, number of lambs and 
lamb weights (per lamb and per ewe) were 
approximately the same for both groups 
throughout the experiment. The general sim- 
ilarity of the results obtained with the 1952 
ewes compared to those from the 1951 ewes 
is of particular interest, since at weaning in 
1952 the ewes averaged less than 60 Ib. in 
weight compared to 70.5 and 76.7 lb. for the 
two groups of ewes the previous year. The re- 
sults obtained with the 1952 ewes therefore 
add support to the conclusion that rearing 
ewes on a higher plane of nutrition is of no 
advantage to them when they spend their 
lives under conditions of rather limited feed 
supply. Support for the idea that full feeding 
of females during the growing period, com- 
pared to a considerably lower feed level, is 
of no advantage and possibly a disadvantage 
to later reproduction or production, comes 
from experiments with dairy cattle (Reid 
et al., 1957), swine (Self et al., 1955) and 
poultry (MacIntyre and Aitken, 1959). 

It may be noted that the Rambouillet- 
Merino ewes produced more wool and at least 
as much lamb per year as the Corriedale- 
sired ewes, in spite of the lighter body weights 
of the former throughout their lives. 

This breed difference in lamb and wool 
production, combined with the evidence that 
the ewes which were larger because of first 
year nutrition were no better and possibly not 
as good as the range-raised ewes, raises a 
question as to whether large ewes are better 
producers than small ewes, as is generally 
believed. Greater size due to genetic differ- 
ences within a group may, of course, show an 
entirely different association with measures of 
production than _ nutritionally-induced size 
differences. The observed difference in pro- 
duction between the larger and smaller breed 
groups in this experiment may be due to breed 
differences not related to size. The results of 
this experiment indicate, however, that the 
question of optimum size of ewes and of the 
effectiveness of selection for size in differing 
environments needs investigation. 


Summary 


The effect of plane of nutrition during first 
year of life on lifetime lamb and wool produc- 
tion of ewes was studied. Fifty ewes repre- 
senting two breed groups were reared on un- 
supplemented range from six to sixteen 
months of age, while 50 comparable ewes 











grazed on irrigated pasture during the sum- 
mer and were then fed hay and grain in drylot 
during the winter. All ewes were carried under 
range conditions after 16 months of age. 

Range-reared ewes were 25% lighter as 
yearlings and remained significantly lighter 
through three years in a common environ- 
ment. They produced substantially less wool 
as yearlings and slightly less thereafter. First- 
year treatment did not significantly affect 
lifetime lamb production, although number of 
lambs produced and therefore total weight of 
lamb favored the range-reared ewes. 

Rambouillet-Merino ewes were lighter in 
weight and narrower chested than Corriedale- 
sired ewes, but produced more wool and lambs 
that were at least as heavy. 

The results indicate that the problem of 
optimum ewe size in relation to environment 
needs further investigation. 
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A STUDY OF FACTORS ASSOCIATED WITH SILAGE 


FERMENTATION AND DRY MATTER INTAKE 
BY DAIRY COWS* 


MarsHatt E. McCuttoucu 2 


Georgia Experiment Station, Experiment 


_ preservation of forage as silage is 
probably the most rapidly growing prac- 
tice on dairy farms, an estimated 100,000,000 
tons of silage being made in 1960. Of the 
problems involved in silage utilization, the 
question of intake probably has received more 
attention than any other. Many farmers re- 
port using silage as the only roughage with 
excellent results while others find supplemen- 
tal hay feeding to be a necessity. Results of 
feeding trials at experiment stations have 
been equally variable. A fair consensus would 
seem to be that intake is influenced by the 
moisture content of the ensiled forage. This 
influence is generally thought to be related to 
changes during fermentation and not to the 
actual dry matter content as such (Lassiter 
and Hilman, 1959). The purpose of this work 
was to study several direct and indirect rela- 
tionships between factors believed to influ- 
ence silage fermentation and silage intake by 
dairy cows. 


Experimental Procedure 


Factors Associated with Silage Fermenta- 
tion. This portion of the work included a 
study of 17 silos of direct-cut silage made at 
this station between 1957 and 1959. The si- 
lages were in 20-ton upright silos, preserved 
with several additives including ground snap 
corn, citrus pulp and sodium metabisulfite 
and were fed to groups of five cows per silo 
in 28-day trials during which intake was 
measured. When preservatives were added to 
the forage the values for dry matter, carbo- 
hydrates and other factors are those of the 
mixture of fresh forage and preservative. The 
silos included nine silages made from alfalfa, 
four silages from millet and four silages from 
oats. Samples of silage were removed from 
bungs in the silos at 24-hour intervals during 
the first four days after ensiling and at vary- 
ing intervals during the next 16 days. Chem- 
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ical analysis of these samples provided the 
data for studying the course of the fermenta- 
tions. All samples were analyzed as outlined 
in a previous paper (McCullough and Stasch, 
1959). The values referred to as “final pH” 
represent the pH of the composite sample of 
the silage when fed. 

Factors Associated With Silage Intake 
When Hay Was Not Fed. As a supplement 
to the data available from the 17 silages on 
fermentation, the published results of feeding 
trials with silages at several American sta- 
tions were studied for possible relationships 
which were of sufficient magnitude to permit 
them to overcome even the variation encoun- 
tered due to area of the country, crops, years 
and personnel making the silages. The data 
used were from silage feeding trials at the 
New York, New Jersey and Georgia stations 
as well as the Beltsville station of the 
U.S.D.A. Such factors should represent in- 
fluences of sufficient magnitude to cover gen- 
eral silage feeding problems although they 
would be of limited use in predicting response 
to an individual silage. In selecting data to 
be included three criteria were used: (1) the 
silage was fed free choice and grain was fed 
according to level of milk production; (2) the 
silage was rated as well as preserved by the 
persons conducting the experiment; and (3) 
the animals fed the silages showed no signs 
of abnormal response. A total of 57 silages 
was included in the analysis. 

Factors Associated With Silage Intake 
When Fed With Hay. The same criteria were 
used in selecting the data with the additional 
requirement that hay was fed only as a sup- 
plement to the silage and not in excess of 
one pound of hay per 100 pounds body 
weight. A total of 23 silages were included in 
the analysis. 

All data for the three parts of the study 
were punched on IBM cards and were an- 
alysed for significance by analysis of vari- 
ance; interrelationships were studied by cor- 
relation analysis and the influence of each 




















TABLE 1. THE VARIABLES STUDIED, THEIR 

RANGE, STANDARD PARTIAL REGRESSIONS 

AND SQUARED MULTIPLE CORRELATIONS 
(DRY MATTER BASIS) 








Standard partial regression 








Independent Range ofdata _—‘ Final D.M. 
variables in the analysis pH (Yi) intake (Y2) 
Forage crude protein 8.7—22.7% 1.360 1.320 
Forage dry matter 14.0-35.0%  —.044 0.614 
Forage as 4.4-10.7%  —.154 —.151 
Forage carbohydrates 11.0-38.8% 0.103 0.267 
pH, 4 days 3.5-5.0 —.071 — .988 
actic acid, 4 days 4.0-13.6%  —.275 0.097 
Acetic acid, 4 days 0.5— 3.5% 0.259 — .093 
pH, 20 days 3.8- 5.5 0.395 0.719 
Lactic acid, 20 days 4.3-16.1% 0.075 —.135 
ae acid, 20 days 0.1-— 6.0% —.075 0.527 
i 
R? 0.78 0.43 





variable by multiple regression. It was rec- 
ognized that multiple regression was not 
ideally suited for analysis of these data; how- 
ever, in the absence of replicated silages, it 
was considered to be the best available 
method. Since exact cause and effect data 
could not be obtained, it was hoped that 
factors could be pointed out for further study 
in future experiments. 


Results and Discussion 


Factors Associated with Silage Fermenta- 
tion. The variables studied and the range of 
values included are shown in table 1 for the 
17 silos of silage. The inter-relationships be- 
tween the variables are shown in table 2 and 
the relative association of each with final pH 
of the silage and dry matter intake are pre- 
sented as standard partial regression in table 
1. The data illustrate the complex nature of 
silage fermentation. Since the desired fermen- 
tation is a rapid production of lactic acid, 
the desired changes would be a low pH at 
4 days with a minimum loss of carbohydrates 
and little change thereafter (Rydin et al. 
1956). 

Such a fermentation presents many well 
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known, if often ill-defined, problems. The 
optimum temperature of 80°-100° F. for 
lactic acid producing bacteria is also opti- 
mum for the bacteria which produce volatile 
acids and breakdown protein into simple ni- 
trogen compounds (Nilsson e¢ al. 1956). 
Since most of the usable carbohydrates are 
used during the first 96 hours after ensil- 
ing, the pH at four days is of great impor- 
tance in determining the final outcome of the 
fermentation. Thus, a high production of 
volatile acids will usually be accompanied by 
protein breakdown and an increase in buffer 
capacity by 96 hr. Nilsson (1956) has shown 
that the disintegrated protein in alfalfa forage 
has a buffer capacity at pH 5 which requires 
10 times as much acid to reach a pH of 4 
as the unfermented forage protein. When this 
occurs, fermentation will proceed beyond four 
days at the expense of the lactic acid pre- 
viously produced as well as the protein and 
possibly structural carbohydrates present. 
From the standard partial regressions in 
table 1, it is apparent that the factor most 
highly associated with final pH was the crude 
protein content of the forage. This is in agree- 
ment with the findings of Toth et al. (1956) 
that protein and not fiber, fat or ash influ- 
enced fermentation. From the data in table 2 
it can be seen that the forage crude protein 
was significantly correlated with final pH 
(0.79); acetic acid content at both 4 and 20 
days (0.85) and (0.66), and negatively cor- 
related with forage carbohydrates (—.77) 
and forage dry matter (—.82). The absence 
of a significant correlation between carbo- 
hydrates and the pH is indicative of the im- 
possibility of defining a level of carbohydrates 
required since the quantity is determined by 
the course taken by the fermentation. The 
variable relationships between lactic acid and 
other factors illustrate the rise and fall in 
this factor depending upon the course of the 
fermentation. Thus, the high pH usually 


TABLE 2. SIMPLE CORRELATIONS BETWEEN THE VARIABLES (17 SILOS) 











Variable Yo" Yi? Xa0 Xo Xs Xz Xe Xs Xe Xs Xe 
Crude protein Xi —.15 0.79** 0.66** 0.02 0.38 0.85** 0.10 0.56 —.77** 0.96** —.82** 
Forage d.m. X2 0.18 —.61** —.61** 0.01 — .33 —.70** —.15 — .33 0.62** —.84 pans 
Forage ash Xs —.11 0.749" 0.62°" -0.12 0.46 0.82** 0.20 OBE TS as 
Forage carbohydrates X4 0.13 —.69** —.51 0.25 —.34 —.95** 0.24 —.38 i 
H, 4 days Xs —.35 0.67** 0.55 —.03 51 0.68** —.18 he 
Eatile, 4 dee Xe 0.39 —.1l 0.04 0.74** 0.32 —.12 
Acetic, 4 days Xz —.27 0.75** 0.77** —.21 0.31 Jes 
HH, 20 days Xs 0.09 0.50 0.20 0.50 Kee 
Paci, 20 days Xo 0.32 —.02 —.07 ae 
Acetic, 20 days X10 —.06 0.52 sate 
Final pH Y1 —.40 see 





® Dry matter intake. 
> Final pH. : 
** Significant at the 1% level of probability. 
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associated with undesirable silage fermenta- 
tion was apparently a result of protein break- 
down with the resulting detrimental effects of 
increased buffer capacity. Although not shown 
in the tables, a high negative correlation of 
—.68 was observed between dry matter intake 
and dry matter loss in the silos which may 
indicate that Moore and Thomas (1960) are 
correct in their conjecture that the factor 
from silage fermentation which influences 
silage intake may be of nitrogenous origin. 
While the data do not indicate a solution to 
the problem of minimizing the detrimental 
effects of silage fermentation, the high corre- 
lation of 0.76 between the pH at four days 
and the final pH indicates that the solution 
will apparently be found in the studies of 
silage fermentation during the first four days 
after ensiling. 


TABLE 2. THE VARIABLES STUDIED, THEIR 
MEANS, STANDARD PARTIAL REGRESSIONS 
AND SIMPLE CORRELATIONS (57 SILAGES) 











Standard 
partial 

Variable Mean regression (r) 
Silage dry matter intake (Y) Fy 2 eRe Ss wkd 
Body weight (Xi) ~=—:1091.5 Ib. 0.531 0.65 
Milk production (X2) 21.4 lb. 0.043 0.56 
Silage dry matter (Xs) 25.4% 0.279 0.47 
Silage pH (Xa) 4.3 —.011 0.47 
Silage crude protein (Xs) 14.8% 0.405 0.32 
Silage crude fiber (Xs) 28.9% — .347 0.50 
N 57 

R? 0.69 





While the general relationships between 
the factors studied and dry matter intake 
followed those with final pH, the predominat- 
ing factor positively associated was forage 
crude protein. Since the factor causing 
greatest concern in producing good silage was 
also important in intake, the second phase 
of the study was undertaken to study the 
influence of crude protein and crude fiber 
(as reflecting stage of maturity) on silage 
dry matter intake. The R? of 0.43 for all of 
the factors and dry matter intake is some- 
what larger than the 26% of the variation ex- 
plained by all non-animal factors in phase 2. 

Factors Associated with Silage Intake When 
Hay Was Not Fed. The factors studied, their 
means, standard partial regressions and sim- 
ple correlations are shown in table 3. The 
association of body weight with intake was 
included to permit the non-animal variables 
to be more accurately measured. In the five 
multiple regression equations listed below, 
the relative value of including the four gen- 
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erally used measures of silage quality (dry 
matter content, pH, crude protein and crude 
fiber) in the multiple regression was studied. 


1. Y=1.933+0.0205 X:—0.0511 Xe R*=0.43 
2. Y=2.388+-0.0148 Xi+0.0252 X2+ 

0.3183 Xs R?=0.54 
3. Y=5.669+-0.0179 X:+0.0003 X2+ 

0.0283 Xs—2.297 X, R*=0.56 
4. Y=6.351+-0.0172 X:—0.0153 X2+ 

0.289 Xs—3.214 X,+0.2961 Xs R*=0.60 
5. Y=15.84+40.014 X:+0.022 X2+0. 261 

Xs—1.390 X.+0.053 X;—0.395 Xe R°=0.69 


From the equations it can be seen that 
silage dry matter content explained an addi- 
tional 11% of the observed variation in silage 
intake above the 43% explained by body 
weight and level of milk production. Adding 
final pH of the silage explained an additional 
2% and the combination of crude protein and 
fiber explained an additional 13%. The data 
indicate then that the positive influence of 
crude protein is apparently due to stage of 
maturity and the digestibility of the forage. 
All of the regressions were highly significant 
(P<.01). A seventh factor (pounds of grain 
fed) was also included in the analysis but 
was not shown here since it increased the R? 
by only 0.01. The association of crude protein 
and fiber with stage of maturity was found 
in silages made under many different condi- 
tions. These factors are of obvious great im- 
portance in silage intake. 

Factors Associated With Silage Intake 
When Hay Was Fed. The variables studied 
when hay was not fed were also studied with 
the addition of hay to the rations. In this 
study, only the amount of grain and hay 
fed was significantly related to dry matter 
intake from silage. The resulting equation 
was: Y=24.504 —0.596 (lb. grain fed) 
—0.318 (Ib. hay fed). R?=0.69. 

This ability of hay feeding to suppress the 
factors which influenced dry matter intake 
when hay was not fed may explain the fre- 
quentiy reported beneficial effects of hay 
feeding with silage rations. 


Conclusions 


Within the data considered here, the fol- 
lowing conclusions appear reasonable. 

1. The primary factor associated with the 
rate and nature of the fermentation was crude 
protein. 

2. The nature of the fermentation occur- 
ring during the first 96 hours after. ensiling 
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was of primary importance in determining the 
final silage quality. 

3. The high protein, low fiber, low dry 
matter forage characterizing the stage of ma- 
turity needed for high intake and animal 
performance is equally undesirable for ease 
in fermentation. 

4. Future research should stress the factors 
influencing fermentation during the first 96 
hours. 
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EXCRETION AND UTILIZATION OF 





CALCIUM BY SWINE’ 
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Oak Ridge, Tennessee 


i aes reports from this laboratory 
(Plumlee et al., 1952; Visek et al., 1953; 
Comar et al., 1951; Hansard, 1956; Hansard 
et al., 1954, 1957) and other investigations 
(Moore and Tyler, 1955; Blau et al., 1957; 
Bellin and Laszlo, 1953; Luick e¢ al., 1957) 
have clearly demonstrated the advantages of 
radioisotopes for the quantitative measure- 
ments of calcium movement, absorption and 
utilization in animals and in man. The fact 
that separation of many of the factors gov- 
erning calcium metabolism is now possible, 
and the need for more information on the 
critical calcium requirement of swine at var- 
ious stages of growth, prompted the present 
study of calcium absorption, excretion and 
utilization. 


Experimental 


Forty-two Hampshire and crossbred bar- 
rows ranging in age from 10 days to 72 
months were included in this study. They 
were maintained on calculated adequate ra- 
tions previous to and during the experiment. 
The young pigs were fed fresh cow’s milk; 
the older ones, which were selected from the 
farm herd, were maintained on the experi- 
mental ration for 1 to 3 months prior to the 
balance period. The ration composition, in 
parts by weight was as follows: ground yellow 
corn, 61.3; soybean oil meal, 30; alfalfa leaf 
meal, 7; sodium chloride, 1 and calcium car- 
bonate 0.7. Vitamin D was provided through 
access to sunlight and by addition of dietary 
irradiated yeast equivalent to 500 I. U. per 
day. 

Animals were then placed in metabolism 
units as previously described by Hansard 
et al. (1951) for the quantitative separate 
collection of urine and feces. After becoming 


1 seaticitia published with the permission of the Director 
of the University of Tennessee Agricultura! nn “gpm Station, 
Knoxville, Tennessee. pt study was com 
tract No. EN-242 ” eenetn 


ed under con- 


AT-40-1 “4 "Saeatity of 


Tennessee College of ye oe TE and the Atomic Energy 
Commission. 

2 Present address: Animal Industry, Louisiana State Uni- 
versity, Baton Rouge, Louisiana. 
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adjusted to the units and a constant feed 
intake, usually requiring 5 to 10 days, each 
animal received a single tracer oral or intra- 
venous dose of radiocalcium. Concurrent 
7-day chemical and radioisotope balance 
studies were then started. 

Representative feces and urine samples 
were taken in duplicate or triplicate at 12 to 
24 hour intervals from the quantitative col- 
lections. Samples of jugular blood were drawn 
routinely as procedure required during the 
7-day balance period. Ration constituents and 
weigh-back were ground and sampled for 
analyses and intake calculation. Total cal- 
cium and radiocalcium measurements were 
carried out as described by Comar e¢ al. 
(1951). Total ash and phosphorus were de- 
termined by standard methods of procedure. 


Results and Discussion 


Age and Calcium Excretion. A summary of 
calcium intake and excretion values for the 
pigs of different ages is given in table 1. For 
convenience of statistical analysis and com- 
parison, data from the 42 animals were ar- 
ranged according to four age groups. Means 
and the standard errors are presented (Dean 
and Dixon, 1951). Dietary calcium and phos- 
phorus intake and ratios for all groups ap- 
proximated the recommended level (Mitchell, 
1947). 

Results of these studies indicate that total 
fecal calcium excretion increased with in- 
creasing weight and age. Positive calcium 
balance was maintained throughout the bal- 
ance period by all animals except the aged 
barrows. Addition of excess dietary calcium 
did not compensate for this high fecal calcium 
loss, nor did temporary changes in intake 
alter endogenous values significantly (Visek 
et al., 1953; Blau et al., 1957). The marked 
absorption of calcium at 2 weeks of age, after 
which time the pigs were changed from milk 
to a ration of natural feedstuffs, may be ex- 
plained by the avidity of skeletal tissue for 
calcium in young growing animals (Hansard 
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TABLE 1. RESULTS OF CONCURRENT CALCIUM-RADIOCALCIUM BALANCE STUDIES 
WITH SWINE AT VARIOUS AGES * 








Fecal Ca* excretion 











Age of Total daily calcium, gm. 

animal, Number of Fecal Ca, Percent of Percent of 

months animals Weight, lb. Intake Excretion” % of intake oral dose i.v. dose 
0.5 15 9.844 1.2+0.3 0.11+0.03 9.243 1.80.5 1.20.2 
5.0 12 101 +10 14.742 8:35: 1.3 $8: 2 32°: 3 9.042 

12.0 8 365 +80 30.246 24.6 +5.6 82 +4 69 +4 13.02 

30-72 (aged) 7 677. +110 32.148 $3.5: 25.1 104 +4 79 +4 23.043 





_ ® Data calculated from individual 7-day balance studies and reported as mean + S.E. of mean; about one-half of the 
animals were dosed orally and one-half intravenously with tracer levels of Ca‘ chloride. 
> In feces, only. Amount of Ca in the urine was small. (See text.) 


et al., 1954) and to the early observed im- 
petus given by dietary milk to calcium reten- 
tion. The marked increase of fecal calcium in 
the aged animals reflects decreased absorp- 
tion, associated changes in vascularity, blood 
flow, proportion of exchangeable bone, hor- 
mone variability and increased loss of calcium 
from the body stores as discussed later. These 
changes help to explain the observed incidence 
of senile osteoporosis in animals and in man 
(Steggerda and Mitchell, 1946). 

Age and Radiocalcium Excretion. The 
radiocalcium excretion values reflected the 
findings of the chemical excretions (table 1). 
After oral administration, fecal Ca-45 ranged 
from 1.8% of the dose in the suckling pig 
to 52% at 5 months, and increased to 79% 
in the aged animals. After intravenous dosing, 
however, only a small fraction of the radio- 
activity was found in the feces of animals 
under 5 months of age. Fecal excretion in- 
creased rapidly with age to 9% at 6 months 
and 23% in the aged animal. Urinary excre- 
tion of radiocalcium was low, being somewhat 
higher after intravenous dosing than after 
oral administration, and higher in the older 
animals but averaging for all ages less than 
1% of the administered dose. It was, there- 
fore, not considered significant in this paper. 
The kinetics of calcium movement through 
the body and the gastrointestinal tract as a 
function of age will be discussed in another 
report. 

Fecal Calcium Partition. The partition of 
calcium between the feces and urine is an 
important consideration in endogenous min- 
eral studies. Fecal-urinary excretion ratios 
and their effects on endogenous calcium-45 
have been discussed by Wanner et al. (1956). 
These ratios were reported to vary from 1:2 
for man and monkey to 22:1 for the rat. In 
swine the ratio approximates that for the rat; 
but in the ruminant the ratio may approach 
50:1, depending upon age, dietary history, 





current calcium-phosphorus intake levels and 
such other factors. The principal pathway of 
endogenous and exogenous calcium excretion 
in swine, as in the rat and ruminant, is by 
way of the feces. Therefore this partitioning 
between feces and urine of calcium by the 
gastrointestinal tract in swine is of special 
importance for the interpretation of physio- 
logical movement, absorption data, and for 
the estimation of utilization and animal re- 
quirements. 

Methods and techniques for the quantita- 
tive estimation of fecal calcium behavior in 
cattle and rats have been previously presented 
(Hansard et al., 1954, 1957; Visek et al., 
1953; Luick et al., 1957). By integrating the 
conventional excretion data from swine dosed 
orally with those from similar animals receiv- 
ing a single intravenous dose of labeled cal- 
cium, exogenous and endogenous calcium in 
the feces have been estimated. 

This comparative procedure is well adapted 
to the study of factors affecting calcium 
movement in that it permits a direct deter- 
mination of absorption as well as the estima- 
tion of endogenous fecal losses (table 2). 
Inasmuch as one-half of these animals were 
administered calcium-45 intravenously, it was 
also possible to employ the isotope dilution 
procedure (Hansard, 1956) to estimate endog- 
enous fecal calcium directly, and thus pro- 
vide data for the calculation of absorption or 
true digestibility (table 3). Comparable en- 
dogenous calcium values were obtained, 
whether determined directly by the isotope 
dilution procedure, or indirectly from absorp- 
tion values calculated from the comparative 
balance method. Briefly, the data from the 
5-month-old pigs show that 52.8% of that 
calcium ingested was absorbed. However, 
data from animals dosed intravenously showed 
that 9% of this (52.8 x 9) calcium passing 
through the blood pool was subsequently 
excreted into the tract, thereby retaining 48% 
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TABLE 2. ABSORPTION, EXCRETION AND RETENTION OF CALCIUM BY SWINE IN 
DIFFERENT AGE GROUPS 















Percent of calcium intake 


Fecal calcium loss 

















Age group Endogenous‘ __ Body stores 
(months) Absorbed * Re-excreted” Retained‘ % of intake % of intake 
0.5 99.4+1° iz 98.2 8.642 7 
5.0 52.822 4.8 48.0 10.743 6 
12.0 35.6243 4.7 30.9 17.26 13 
30-72 27.36 6.3 21.0 31.348 25 
aS : 100—fecal Ca*® 
* Calculated as 1—percent I.V. dose excreted’ 
» Absorbed Ca that was subsequently returned to the tract. 
© Calculated as absorbed Ca less that Ca absorbed and subsequently returned to the tract (re-excreted). 
4 Both isotope dilution and comparative procedure used to calculate percent of calcium intake that is endogenous. (See text). 


© Mean + standard error of the mean. 


(52.8 —4.8) for ultimate use by the animal. 
This calcium retained, then, minus that ex- 
changed and/or lost from the body stores 
(table 2) would indicate that 42% or 6.2 gm. 
of the 14.7 gm. ingested calcium were ac- 
tually deposited in the body of the 5-month- 
old pig. 

The results of this study with swine at the 
various ages are presented in table 2 and 
summarized in figure 1. Calcium absorption 
was shown to decrease from 99% to 53% 
to 27% in the 2-week-old, 5-month-old, and 
aged animals, respectively. Mature and aged 
swine not only absorbed less, but subsequently 
excreted more of that which was absorbed. 
Calcium retention therefore decreased from 
98% for the young pigs to 21% for the aged 
group, with less differences between values for 
the 5- and 12-month-old animals. After ma- 
turity, loss of calcium from the body stores 
likewise increased to about % that of the 
dietary intake, and resulted in a net calcium 
loss from the body of the aged animals. 

Endogenous Fecal Calcium, Digestibility 


TABLE 3. AGE AND ENDOGENOUS FECAL CALCIUM, DIGESTIBILITY OF CALCIUM 
AND CALCIUM MAINTENANCE REQUIREMENTS IN SWINE * 


and Maintenance Requirements. Quantitative 
information on endogenous calcium losses 
permits not only the calculation of absorp- 
tion (true digestibility, or availability) from 
the dietary source, but makes possible an 
estimation of calcium requirements for main- 
tenance. These values thereby permit direct 
investigations of the many variables that may 
affect absorption, utilization and overall move- 
ment of calcium within the animal body. The 
results on calcium digestibility for the various 
age groups of swine are presented in table 3. 
It will be observed that the grams of endog- 
enous calcium per day increased in a regular 
manner with increasing age and weight of the 
animal, but that values for animals of the 
same age and nutritional status were relatively 
constant. Milligrams of endogenous fecal cal- 
cium per kilogram of body weight were not 
significantly affected by age. However, con- 
sideration of values at 2 weeks and in aged 
animals indicates a trend toward an increase. 
A similar trend has been reported for cattle, 
sheep and rats (Hansard, 1956); but the use 























Endogenous Daily requirements 
fecal calcium” Calcium digestibility, % for maintenance, gm.° 
Age group 
(months) Gm./da. Mg./kg. Apparent ° True‘ Per animal Per 100-lb. 
0.5 0.08 23.0 91+3.7° 99.41 0.08 0.8 
5.0 1.57 32.0 42+8.5 52.841 2.97 3.0 
12.0 5.20 31.3 1827.3 35.623 14.60 3.9 
30-72 10.00 32.5 —.443.7 26.845 37.31 5.5 





® Calculated from data in tables 1 and 2. 


» Calculated as total grams endogenous fecal calcium from body stores plus that part of the absorbed Ca which was 


subsequently returned to the tract. 


© Apparent digestibility calculated as Ge intake—fecal ca 


Ca intake 
4 Calculated as 


X 100. 
Ca intake—(Ca excreted—endogenous fecal Ca) x 100 





Daily end wt 

aily endogenous a 

* Calculated as “7 digestibility (9%) ©: 
f Mean + standard error of the mean. 
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Figure 1. Effects of age upon fecal calcium 
partition in swine. 


of more animals will be necessary to verify 
the significance of these small differences. 

It was of interest that endogenous calcium 
values on a body weight basis for swine ap- 
proximated those previously reported for rats 
at comparable physiological ages (Hansard 
and Crowder, 1957), but were considerably 
higher than those for cattle (Hansard e¢ al., 
1954). This apparent difference in calcium 
conservation and utilization between species 
will require further study. 

The measurement of endogenous fecal cal- 
cium has permitted the calculation of true 
digestibility also presented in table 3. There 
was little endogenous loss in the very young 
animal to mask calcium availability values; 
but as age increased, differences between ap- 
parent and true digestibility became more 
marked, and in the mature animal endogenous 
calcium loss approximated the absorption 


levels (table 2). The aged animals were, there-- 


fore, in negative balance even though 27% 
of the dietary calcium was absorbed and 21% 
was actually retained. The various factors 
involved in these processes, including the 
major contribution by the mechanism of ex- 
change, have been discussed in detail in pre- 
vious papers (Hansard et al., 1954, 1957) 
from this laboratory. 

Inasmuch as the metabolic fecal calcium in 
swine comprises the major portion of that 
total calcium lost from the body, maintenance 
requirements would be essentially equal to 
the endogenous fecal losses. Data in table 3 
were calculated from these and the true 
digestibility values. For pigs 5 months of age 
ingesting 14.7 gm. of calcium per day, endog- 
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enous losses averaged 1.57 gm. with a true 
digestibility of 52.8%, indicating a daily 
maintenance requirement of 2.98 gm. of di- 
etary calcium or 3.0 gm. per 100 pounds 
body weight. This is in agreement with the 
studies by Aubel e¢ al. (1941) and Theiler 
et al, (1937), but is somewhat below values 
indicated in reports by Chapman e¢ al. 
(1955). The marked increase in requirements 
between 2 and 20 weeks is primarily the 
result of decreased absorption. In older an- 
imals the high endogenous loss, combined 
with the poor absorption and decreased reten- 
tion, increased the daily amount necessary to 
maintain this daily calcium status to 3.9 and 
5.5 gm. per 100 pounds body weight for 
mature and aged animals, respectively. How- 
ever, since the estimated requirements were 
based upon absorption values of a normal 
calcium intake level, this value for aged an- 
imals may be considered to have little physio- 
logical significance (Hansard et al., 1954). 

It is recognized that there may still be some 
reticence in employing results obtained with 
radioisotopes for interpreting data procured 
by conventional procedures (Moore and 
Tyler, 1955). However, the considerable 
amount of experimental evidence permits 
comparable relative values between animals 
and groups of animals; and the data strongly 
support the suggestion that valid quantitative 
estimations can be made concerning both 
absorption and physiological movement within 
the animal body by integration of the con- 
current chemical and radiochemical proce- 
dures (Luick e¢ al., 1957; Blau et al., 1957). 


Summary 


The absorption, excretion and utilization of 
calcium by 42 pigs at different ages has been 
investigated by radiochemical procedures. 

Calcium absorption and retention was 
greatest in pigs 15 days of age, decreased 
rapidly to 5 months, then more slowly to 12 
months, and again decreased in the aged an- 
imals (30-72 months). Daily endogenous 
fecal calcium losses and the subsequent re- 
quirements for maintenance increased with 
animal age to 5 months, and increased mark- 
edly in aged animals. Milligrams of endog- 
enous fecal calcium were relatively constant, 
about 32, in swine from 5 months to 6 years 
of age. However, the low level of 23 mg. in 
the very young, 15 days old, and the higher 
level of 32.5 mg. in aged animals indicated 
an effect of age. The decreased digestibility 














296 HANSARD, LYKE 
of calcium and the increased endogenous 
losses, with increasing age, resulted in the 
estimated higher maintenance requirements 
for older animals. The significance of fecal 
calcium and its partition in the gastrointes- 
tinal tract for interpretation of radiocalcium 
data in terms of stable calcium behavior is 
discussed. 
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EFFECT OF TRANQUILIZERS ON SHRINKAGE AND FEEDLOT 
ADAPTATION OF YEARLING FEEDER STEERS * 


R. M. LutuHer, L. B. Empry anp F. W. WHETZAL ? 


South Dakota Agricultural Experiment Station, Brookings 


fom use of tranquilizer drugs during ship- 
ping, feedlot adaptation, and growth and 
fattening of cattle has been investigated by 
several research workers. Variable results 
have been obtained in different studies. In- 
jections of isobutrazine (Cartwright, 1958; 
Kercher, 1959) and perphenazine (Foley et 
al., 1958) and the oral administration of 
tetrahydrozoline (Marion, 1959) have been 
reported to reduce weight losses of slaughter 
cattle during transit. Shrinkage was not re- 
duced in slaughter cattle receiving injections 
of perphenazine (Ellis and Jones, 1959) and 
tetrahydrozoline (Marion, 1959). Injections 
of triflupromazine (Clanton and Matsushima, 
1960) and isobutrazine (Henrickson ef al., 
1959) were of little benefit in improving 
weight gains of calves at weaning. 

In view of the limited and variable data, 
four shipping trials and one feedlot adapta- 
tion trial were conducted with the following 
objectives: (1) the effect of tranquilizers 
upon shrinkage during transit and subsequent 
recovery of shrinkage, (2) the effect of a 
tranquilizer upon the adaptation to the feed- 
lot of previously stressed feeder cattle, (3) 
comparisons of injection and oral methods 
of administration and levels of tranquilization 
via each method and (4) the incidence of 
shipping fever complex in cattle treated with 
a tranquilizer and untreated cattle. 


Experimental 


Experiment I. Forty yearling steers at one 
of the outlying substations were used in this 
experiment, conducted in May 1958. The 
steers had been fed to gain about 0.75 to 1.0 
Ib. daily during the previous winter feeding 
period and averaged about 600 lb. They were 
weighed and allotted into two groups, each 
with 20 steers, according to weight and pre- 


1 Contribution from the Department of Animal Husbandry 
and approved for publication by the Director of the Agricultural 
Experiment Station as Publication No. 496 of the Journal 


ries. 

2 Acknowledgement is made to Chas. Pfizer & Co., Terre 
Haute, Indiana, for supplying the tetrahydrozoline and to 
Schering Corporation, Bloomfield, New Jersey, for supplying 
the perphenazine (Trilafon) used in this work. 
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vious winter treatment and given access to 
hay and water overnight. The steers were 
weighed the next morning about 30 minutes 
prior to shipping, and those in one of the 
groups were injected intramuscularly with 3 
mg. of tetrahydrozoline per 100 lb. body 
weight. The other group of 20 steers served 
as controls and were separated on the truck 
from the treated cattle. 

The cattle were trucked 240 miles and 
were in transit about 6.5 hours. They were 
weighed immediately after unloading to de- 
termine the weight lost during transit. After 
weighing, the treated cattle and the controls 
were penned separately to determine the 
effects of the tranquilizer on feed and water 
consumption. Each lot of steers was given 
access to water and fed a ration composed of 
25% oats and 75% hay (equal parts prairie 
and alfalfa hays). The cattle were weighed at 
17 hours and again at 40 hours after arrival 
to determine weight recovery. Water con- 
sumption per lot was measured 3, 17, 22 and 
40 hours after arrival. Feed consumption was 
measured for the first 24 hours only. 

Experiments II, III and IV. Three ship- 
ments in May and June 1959, involving 158 
yearling steers, were used in these experi- 
ments. They were wintered at three outlying 


_ substations in a manner similar to those in 


Experiment I. There were 78 steers in Exper- 
iment II, 40 in Experiment III and 40 in 
Experiment IV. The steers were weighed in 
the afternoon and divided into two groups 
according to weight and previous winter 
treatment. One group received an intramus- 
cular injection of perphenazine 17 to 18 hours 
before shipping, the other group was not 
treated. All cattle had access to feed and 
water overnight before shipping. 

The tranquilizer was administered at the 
rate of 15 mg. per 100 lb. body weight in 
Experiments II and III. This level produced 
noticeable tranquility within a short time and 
the dosage was reduced in Experiment IV. 
In Experiment IV each steer was injected 
with 1.5 ml. of the tranquilizer containing 25 
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mg. of perphenazine per ml. (av. 6.8 mg./100 
lb. body wt.). This resulted in the treated 
animals receiving an average of 84, 93, and 
37.5 mg. of perphenazine per head for the 
three experiments, respectively. 

All animals were weighed just prior to 
loading and were separated on the trucks into 
treated and untreated groups. The cattle were 
trucked 300, 240 and 140 miles in Experiment 
II, III and IV, respectively. They were 
weighed immediately after unloading to de- 
termine the effects of the treatment on shrink 
in transit and total shrink from the time of 
injection of the perphenazine. 

After the initial weighing upon arrival at 
the destination, the cattle were penned in 
outside lots according to wintering treatment. 
This resulted in the treated and control cattle 
from the winter lots at each substation being 
put together. The effect of the treatment on 
feed and water consumption could not be 
determined in these experiments. The rations 
fed during the recovery period were: Exper- 
iment II, corn silage supplemented with soy- 
bean oil meal; Experiment III, equal parts 
alfalfa hay and rolled shelled corn; and Ex- 
periment IV, alfalfa and prairie hay in equal 
parts. The cattle were weighed 1, 3, 10 and 
14 days after arrival to determine rate of 
shrink recovery. 

Experiment V. In a feedlot adaptation 
study 273 yearling Hereford feeder steers, 
which had been in transit 8 hours and fasted 
another 12 hours, were randomly allotted to 
seven treatments replicated four times (28 
lots) with 10 steers per lot in three of the 
replicates and nine in one replicate. The 
treatments were control; perphenazine ad- 
ministered intramuscularly in a single injec- 
tion at levels of 25, 50 and 75 mg. per head; 
and, perphenazine fed at the rate of 25, 50 
and 75 mg. per head daily. The effects of 
these treatments were studied for 14 days 
after shipment. The tranquilizer was mixed 
in ground shelled corn which was fed at the 
rate of 2 lb. per head daily. A mixture of 
equal parts chopped alfalfa hay and ground 
ear corn was fed at a rate of 10 Ib. per head 
daily the first day, and was full-fed the re- 
mainder of the 14-day trial to determine the 
effect of treatments on feed consumption. All 
animals were weighed 1, 3, 7 and 14 days 
after arrival to determine shrink recovery. 

Shrinkage and recovery data in all experi- 
ments and feed consumption in Experiment 
V were treated by analysis of variance. 
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Results and Discussion 


Experiment I, Overnight shrink prior to 
the treatment of one group with tranquilizer 
was about the same for the two groups of 
cattle (table 1). Intramuscular injections of 
tetrahydrozoline did not significantly affect 
transit shrinkage of these 600-pound yearling 
steers. This is in agreement with work at the’ 
Texas Station (Marion, 1959) where 3 mg. 
of tetrahydrozoline were injected per 100 Ib. 


TABLE 1. THE USE OF TETRAHYDROZOLINE 
IN A SHRINKAGE EXPERIMENT WITH YEAR- 
LING FEEDER CATTLE 











Tran- 
Item Control quilized* 
Number of steers 20 20 
Distance shipped, miles 240 240 
Av. initial wt., Ib. 599 598 
Av. overnight shrink, lb. 10.7 9.4 
Av. transit shrink, lb. 36.9 39.4 
Av. total shrink, Ib. 47.6 48.8 
Percent overnight shrink” 1.79 1.57 
Percent transit shrink 6.16 6.59 
Percent total shrink 7.95 8.16 
Recovery: 
Av. gain after arrival, lb. 
17 hours 22.1 22.8 
40 hours 10.1 8.4 
Av. gain initial to final, Ib. —37.5 —40.4 
Av. final wt., Ib. 561 558 
Av. feed consumption to 
24 hours after arrival 14.42 11.95 
Av. water consumption 
after arrival, gal. 
3 hours 3.00 3.68 
17 hours 6.08 7.04 
22 hours 9.08 9.94 
40 hours 12.22 12.92 





® Tetrahydrozoline administered intramuscularly at 3.0 mg. 
per 100 lb. of body weight. 
» All shrink based on total initial lot weights. 


body weight. However, in the Texas work 
oral administration of 100 mg. of tetrahy- 
drozoline per head prior to shipment reduced 
shrinkage. 

The wet condition of the truck bedding 
under the treated steers indicated that per- 
haps the slightly greater “shrink” of this 
group was due to increased excretion. The 
treated cattle consumed more water and ate 
less feed than the controls during the recovery 
period; also, they were more sensitive to 
handling when weighed at unloading and at 
17 hours after arrival. Both groups handled 
satisfactorily at the final weighing (40 hours). 
Experiments II, III and IV. The results 




















of these three experiments are summarized in 
table 2. Experiment II involved 78 steers 
averaging 552 lb. Tranquilization was appar- 
ent within one-half hour after injecting an 
average of 84 mg. of perphenazine per head; 
but, no tranquility was observed at loading 
the following morning. Both groups showed 
a slight gain over the previous afternoon 
weights. The gain was significantly less 
(P<.05) for the treated group than for the 
controls. Transit shrink was significantly 
lower (P<.05) for the treated group result- 
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treated steers was significantly greater 
(P<.01) than for the controls. Shrink re- 
covery was nearly the same for the two groups 
the first day after arrival. By the end of the 
3rd and 10th day, the treated steers had 
gained significantly more (P<.05) than the 
controls. Gains from initial to final weight 
gave the control steers a 6.5-lb. advantage 
per s‘cer. 

Forty steers averaging 549 Ib. were in- 
volved in Experiment IV. Tranquility was not 
observed either following the injection of 37.5 


TABLE 2. THE USE OF PERPHENAZINE IN SHRINKAGE EXPERIMENTS 
WITH YEARLING FEEDER CATTLE 




















Experiment IT Experiment III Experiment IV 
Tran- Tran- Tran- 
Item Control quilized “ Control quilized” Control quilized ° 
Number of steers 39 39 20 20 20 20 
Distance shipped, miles 300 300 240 240 140 140 
Av. initial weight, lb. 554 551 611 609 551 546 
Av. overnight shrink, Ib. 2.7(gain) 0.2(gain)* 26.4 38.4° 27.8 34.8' 
Av. transit shrinkage, Ib. 37.1 $3.5" 32.4 31.0 12.3 8.8 
Av. total shrinkage, lb. 34.4 33.3 58.8 69.4° 40.1 43.6 
Percent shrink overnight * 0.49 (gain) 0.04(gain)* 4.32 6.31° 5.05 6.37' 
Percent shrink in transit 6.70 6.08° 5.30 5.09 2.23 1.61 
Percent total shrink 6.21 6.04 9.62 11.40° 7.28 7.98 
Recovery: 
Av. gain after arrival, lb. 
1 day 41.7 40.1 32.4 37.0 41.2 37.6 
3 days 42.8 42.7 30.3 42:05 46.7 41.4 
10 days 63.9 62.9 61.2 71.4° 58.9 58.0 
14 days (final) 77.4 81.6 64.4 73.0 it ee thie 
Av. gain initial to final, lb. 43.0 48.3 7.9 1.4 31.0 27.8 
Av. final weight, Ib. 597 599 617 612 582 574 





® Perphenazine administered intramuscularly at 84 mg. per head. 
> Perphenazine administered intramuscularly at 93 mg. per head. 
¢ Perphenazine administered intramuscularly at 37.5 mg. per head. 


4 Significantly less than controls (P<.05). 

© Significantly more than controls (P<.01). 
t Significantly more than controls (P<.05). 
® All shrink based on total initial lot weights. 


ing in the total shrink from initial treatment 
for the two groups being about the same. 
Shrinkage recovery patterns were similar ex- 
cept the treated steers made a slightly greater 
gain between the 10th and 14th day of the 
recovery period. 

Experiment III involved 40 steers averag- 
ing 610 lb. Sedation was observed within one- 
half hour after injection with an average of 
93 mg. of perphenazine per head but was not 
detected at loading about 18 hours later. Both 
groups lost weight overnight but shrink was 
significantly greater (P<.01) for the treated 
steers. There was little difference in transit 
shrink; however, the total shrink for the 


mg. perphenazine per head or at the time of 
loading. Treated steers shrank significantly 
more (P<.05) overnight and less in transit 
than control steers. Differences in transit 
were not significant but the treated groups 
had a greater total shrink. At the end of the 
lst and 3rd day, the treated steers had gained 
less rapidly than the controls. The gains 
equaled those of the controls during the re- 
mainder of the trial. 

The results of the three shipping trials are 
in agreement in that treatment with tran- 
quilizer 17 to 18 hours prior to loading re- 
sulted in more shrinkage (less gain, Experi- 
ment IT) during the preloading period. Transit 
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shrink was slightly lower for the treated cattle 
in each experiment but statistically signif- 
icant in only one (P<.05, Experiment IT). 
Total shrink (overnight and transit) was 
slightly greater for the treated cattle but 
statistically significant only in Experiment II 
(P<.01). Ellis and Jones (1959) reported 
that shrinkage of slaughter steers was not 
reduced by 50 mg. perphenazine per head. 
Conversely, Foley et al. (1958) reported that 
shrinkage was consistently reduced by use of 
tranquilizers in six shipping trials in which 
slaughter cattle were given preshipment in- 
jections of perphenazine ranging from 75 to 
175 mg. In other trials with feeder cattle by 
these workers, it was observed that the inci- 
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initial shrink resulting from an 8-hour haul 
plus a 12-hour stand without feed and water. 
Feed consumption by the 75-mg. injected lots 
was somewhat lower than that of the controls 
during the first 2 or 3 days of the trial; but, 
over the 14 days, differences were not signif- 
icant. After 14 days, the study on effects of 
the tranquilizer on recovery of shrink and 
feed consumption following shipping was ter- 
minated. The cattle were then reallotted for 
other experiments. 

Three batches of tranquilizer supplement 
mixed and fed during the trial were analyzed. 
Perphenazine was determined by the Frank 
Litterio Method (White Laboratories, 1959). 
The average consumption based on the anal- 


TABLE 3. THE USE OF PERPHENAZINE IN FEEDLOT ADAPTATION STUDIES 
WITH YEARLING FEEDER CATTLE 














Injection* Oral” 
Item Control 25mg. 50mg. 75 mg. 25mg. 5Omg. 75 mg. 
Number of steers 39 39 39 39 39 39 39 
Av. initial wt., lb. 466 469 486 466 459 468 470 
Av. final wt., Ib. 571 572 594 570 563 569 582 
Av. gain after treatment began, lb. 
1 day 43.4 38.8 42.4 31.9 39.7 41.0 42.9 
3 days 58.7 59.2 59.7 56.7 57.1 58.2 60.2 
7 days 84.1 78.7 78.5 76.7 78.6 76.6 80.2 
14 days 105.4 103.0 108.2 103.7 104.4 101.0 111.4 
Av. daily feed consumption, ib. 
Corn-hay mixture 15.56 15.61 15.18 14.79 15.27: 15.20 . 15.60 
Supplement 2.07 2.07 2.07 2.07 2.07 2.07 2.07 





® Administered intramuscularly after 8 hours in transit and 
» Included in the protein supplement daily. 


dence of shipping fever was significantly 
lower among cattle treated with a tranquilizer 
and shrinkage was reduced in one trial where 
shrinkage data were obtained. 

Experiment V. Injected or oral perphena- 
zine at levels of 25, 50 and 75 mg. per head 
did not significantly improve gains over the 
controls in this feedlot adaptation study. 
Sedation was apparent in the injected lots, 
particularly at the highest level. The groups 
receiving a single 75-mg. injection gained 
less than controls when weighed 1 day after 
treating. This was the only treatment that 
appeared to cause any important initial de- 
pression in recovery of shrink. These cattle 
lay down shortly after treatment and con- 
sumed very little feed on the first 2 or 3 
days. Afterwards they performed in a manner 
similar to the control group. 

The rather large gains by all lots during 
the 14-day period probably reflect the large 





12 hours in dry lot without feed or water. 


ysis was 20.3, 44.8 and 67.4 mg. per head 
daily for the three levels of oral perphenazine 
in comparison to the calculated levels of 25, 
50 and 75 mg. 


Summary 


The results of four shipping experiments 
and a feedlot adaptation trial designed to 
study the effect of tranquilizers on shrinkage 
and adaptation of beef steers to the feedlot 
are reported. Tetrahydrozoline in a single in- 
jection (3 mg. per 100-Tb. body weight) was 
not effective in reducing transit shrinkage in 
one experiment. Perphenazine administered 
as a single intramuscular injection at 84 and 
92 mg. per head produced sedation; 37.5 mg. 
did not. When the cattle were treated in 
the afternoon, 17 to 18 hours prior to ship- 
ment the next morning, overnight shrink was 
greater for the treated cattle. They showed 
a slightly smaller transit shrink, but a greater 
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total overnight and transit shrink than the 
controls. Shrink recovery was not improved 
by tranquilizers. 

Injected or oral perphenazine at 25, 50 and 
75 mg. per head did not improve gains or 
feed consumption in a feedlot adaptation 
study. Sedation was apparent at the highest 
level of injection which resulted in a notice- 
able reduction in feed consumption the first 
2 or 3 days of the trial. Temporary reduction 
in feed consumption after treatment was 
also indicated in the shipping studies since 
overnight shrink was greater when the cattle 
had been treated the previous afternoon. 

There were no cases of shipping fever in 
either study. 
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PREDICTING LOIN-EYE AREA IN LAMBS FROM WEANLING 
TRAITS AND CARCASS MEASUREMENTS * 


C. M. Bamery,? A. L. Pope anp A. B. CHAPMAN 2 


University of Wisconsin, Madison 


HE demand for meat-type sheep points 

up the need for identifying breeding 
stock which can transmit superior muscling. 
A step in this direction might come from 
knowledge of relationships between measure- 
ments on the live animal and carcass charac- 
teristics (Phillips and Stoehr, 1945; Katada 
and Takeda, 1958; Stouffer et al., 1958; 
Knight et al., 1959; Matthews et al., 1959; 
Botkin et al., 1959; Campbell e¢ al., 1959; 
Matthews et al., 1960). The question as to 
which carcass characteristics, short of cutting 
the carcass, one might use to indicate carcass 
value has been considered by Palsson (1939), 
Branaman (1940), Walker and McMeekan 
(1944) and Botkin et al. (1959) who also re- 
ported evidence that dimensions of the eye 
muscle are related to lean content of the 
carcass. 

The present study is an attempt to deter- 
mine the association of weaning traits, and 
carcass weights and measurements (which do 
not require cutting-up the carcass) with loin- 
eye area. 


Materials and Methods 


Experiment I. This experiment was con- 
ducted in Wisconsin farm flocks (1957-1958) 
to assess the combining ability, in terms of 
first-cross progeny, of Suffolk, Corriedale, Co- 
lumbia, and Targhee rams with grade Hamp- 
shire ewes. Straightbred Hampshires were 
used as controls in most flocks. 

Weaning weight was recorded to the nearest 
pound and adjusted to a 120-day basis. A 


1 Paper from the Department of Genetics No. 803 and the 
Department of Animal Husbandry, University of Wisconsin, 
ublished with the approval of the Director of the Agricultural 
PS omunet Station. : 

2 Present address: Department of Animal Husbandry, Uni- 
versity of Nevada, Reno, Nevada. 

* Credit is given to Dr. Newton E. Morton, Department of 
Medical Genetics, University of Wisconsin, for the multivariate 
analysis adapted to the IBM 650 computer. The authors are 

ateful to Oscar Mayer and Company, Madison, Wisconsin, 

lankinton Packing Company, Milwaukee, Wisconsin, Central 
Livestock Association, Inc. and Swift and Company, South 
St. Paul, Minnesota, for assistance with the carcass phase of 
the study. Appreciation is also expressed to McKerrow Farms, 
Pewaukee, Wisconsin (Experiment II) and to C. O. Rydberg 
and A. Strommen, ner Branch Experiment Station, 


Spooner, Wisconsin (Experiment III) for assistance in collec- 
tion of the data. 
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lamb index was calculated to reflect relative 
value of total lamb productivity in terms of 
weight-for-age, staple length, and type-of- 
birth. Market grade was recorded as a score 
ranging from 1 to 9. Lambs considered to be 
in the top one-half of the Prime grade were 
classified as 1. Those in the lower one-half 
of this grade received a score of 2. This sys- 
tem was followed through the Choice, Good, 
and Utility grades, with Cull lambs scoring 9. 

Carcass information was taken, near wean- 
ing age, from a random sample of four lambs 
from each sire. Carcass data, including weight, 
recorded to the nearest pound, were obtained 
in the cooler while the carcasses hung on the 
rail (hind feet tied together). 

Carcass length was the distance from the 
knee (carpus) to the cleft of the hind foot 
(shallow groove on the flexor surface of the 
distal sesamoids). Carcass grade was assigned 
by a Federal grader. The code ranged from 1 
(Top Prime) to 13 (Cull). Width of gigots 
was measured across both thighs above the 
level of the juncture of the hind legs and 
just below the tail head. This usually coin- 
cided with the greatest width of the thighs. 
Circumference of both thighs was determined 
by placing a tape at the crevice formed by 
the hind legs, and circling around both thighs, 
Circumference of the forearm was measured 
outward from a point at the anterior juncture 
of the foreleg with the body, and perpendicu- 
lar to the axis of the upper leg. The carcasses 
were then cut between the 12th and 13th ribs. 
Loin-eye area (longissimus dorsi) was traced 
from this cross-sectional surface. The data 
were analyzed within year, farm, breed, sex 
and type-of-birth. 


Experiment II. Twenty-four Shropshire 
rams were progeny tested during 1957 and 
1958 to determine whether sire groups of first- 
cross Shropshire X Western lambs differ for 
economically important traits, Live animal 
and carcass measurements were obtained. 

Weaning weight, lamb index, and carcass 
traits were recorded as before. Market grade 
was assigned using the scoring system given 




















for carcass grade. Type score was a visual 
estimate of meat type ranging from 1 (supe- 
rior) to 15 (inferior). In addition, body meas- 
urements were taken at weaning. 

Depth at heart was the vertical distance 
from the top of the withers to the floor of 
the chest (sternum) between the legs. Width 
at shoulders was measured across the shoul- 
ders (scapula) between points in the approxi- 
mate location of the head of the humerus. 
Width at hips was taken between the points 
of the hips (tuber coxae). Width of pin bones 
indicated width between the tips of the pin 
bones (tuber ischii). The lambs were slaugh- 
tered at approximately 7 months of age. The 
data were adjusted for sire, sex, and type- 
of-birth, and sex X type-of-birth by multiple 
regression and then analyzed within year. 

Experiment III. These data were from a 
crossbreeding project at the Spooner, Wiscon- 
sin Branch Experiment Station. The lambs 
were first-cross Targhee X Shropshires and 
straightbred Shropshires. The average age at 
slaughter was about 8!4 months. The analysis 
was done within breed, sire, sex and type-of- 
birth. 

Within each of the three experiments, 
measurements and scores were determined by 
the same personnel. The data were treated by 
a multivariate analysis adapted to the IBM 
650 computer. 
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Results and Discussion 


Means and standard deviations of live ani- 
mal and carcass characters are given in 
table 1. Lambs from the three experiments 
were similar in lamb index, while those in 
Experiment III were approximately 10 pounds 
less in weight at weaning. Lambs in Experi- 
ment I, which were slaughtered at weaning, 
produced lighter, poorer quality carcasses 
than those in Experiments II and III, which 
were slaughtered between 7 and 9 months 
of age. 

Relationship of Weaning Traits and Car- 
cass Weight with Loin-eye Area (Experi- 
ment I). Correlations of age at slaughter with 
all carcass variables were small and non- 
significant. Variables associated with loin-eye 
area were also correlated with each other. 
Simple correlation coefficients, standard par- 
tial regression coefficients, and multiple cor- 
relation coefficients of eye-muscle area with 
various independent variables are shown in 
table 2. Each row of the table listing standard 
partial regression coefficients (b’) indicates 
the relative value of each independent vari- 
able in predicting loin-eye area when the other 
variables, with regression coefficient values 
given in that row, are held constant. 

A high correlation of 120-day weight with 
size of the eye muscle is shown. It appeared 


TABLE 1. MEANS AND STANDARD DEVIATIONS OF LIVE ANIMAL 
AND CARCASS CHARACTERS 




















Experiment I Experiment II Experiment III 
Number of lambs 190 109 48 
Standard Standard Standard 
Character Mean deviation Mean deviation Mean deviation 

120-day weight, Jb. 4A 8.6 78.0 7.0 67.5 6.9 
Lamb index * 91.8 9.2 90.3 7.5 91.1 6.9 
Market grade” 5:5 1.3 8.8 Bt 5:7 1.1 
Slaughter age, days 132.1 9.4 ak eee me pe 
Type score° enor see 7.8 » a | IIe mee 
Depth heart, cm. seta aa 24.8 Kz ee ne 
Width shoulders, cm. Bee steih 17.2 1.3 pe te 
Width hips, cm. eae se 15.6 ‘2 te Pe 
Width pin bones, cm. ‘se ae 12.9 : oe Bs 
Carcass weight, Ib. 35.7 5.2 53.3 5.7 53.8 6.2 
Carcass length, in. 48.0 1.8 52.2 1.6 50.5 1.8 
Carcass grade“ 7.9 1.9 6.1 1.1 5.6 132 
Width gigots, cm. 19.8 1.0 21:7 0.7 ‘ee ABS 
Circumference thighs, cm. 54.4 2:2 Hews hiss 62.0 2.4 
Circumference forearm, cm. 17.8 0.8 18.7 0.7 ae eek 
Area loin-eye, sq. cm. 10. 1.4 13.0 1.4 13.2 1.4 





® Overall value considering weight-for-age, staple length, type-of-birth. : 
> Experiment I: Scores from 1 (top one-half of Prime) to 8 (lower one-half of Utility). Cull valued as 9. Experiments 
II and III: See d below. Lambs in Experiments I and II were graded at weaning, while market grades for Experiment III were 


assigned just aad to slaughter. : 
© Coded from 1 (superior) to 15 (inferior). 


4Scores from 1 (Top Prime) to 12 (Low Utility). Cull valued as 13. 
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TABLE 2. SIMPLE CORRELATION COEFFICIENTS (r), STANDARD PARTIAL REGRESSION 
COEFFICIENTS (b’), AND MULTIPLE CORRELATION COEFFICIENTS (R) OF LOIN- 





EYE AREA WITH WEANING TRAITS AND CARCASS WEIGHT (EXPERIMENT 1) 











Independent variables 











and 120-day Lamb Market Age at Carcass 

b’ weight index grade“ slaughter weight R 
r 0.56** 0.51** 0.327" —.10 0.56** ee 
b’ $32" —.54 0.06 “ss padi 0.58** 
b’ 0.12 ios 0.06 —.18 0.52 0.60** 
b’ —.20 0.60** 0.60** 

*Scores from 1 (top one-half of Prime) to 8 (lower one-half of Utility). 

* P<.05. 

“P< A. 


that loin-eye area could be predicted as ac- 
curately by using the simple regression of 
loin-eye area on weaning or carcass weight as 
by any combination of variables. Similarly, 
Katada and Takeda (1958) found a high cor- 
relation (0.84**) between body weight and 
loin thickness in Corriedale wether lambs. 
Other workers (Stouffer et al., 1958; Mat- 
thews et al., 1959; Knight et al., 1959; Camp- 
bell e¢ al., 1959; Matthews et al., 1960) have 
reported correlations between live animal 
measurements and rib-eye area of the order 
of 0.4 to over 0.6. 

Relationship of Body Measurements at 
Weaning with Loin-eye Area Obtained at 
Slaughter Several Months Later (Experiment 
II). The extent to which body scores and 
measurements at weaning are associated with 
size of loin-eye area for lambs marketed sev- 
eral months later, at approximately 100 
pounds live weight, was determined. Simple 
correlation coefficients, standard partial re- 
gression coefficients, and multiple correlation 
coefficients of eye-muscle area with various 
independent variables are presented in table 3. 

All the simple correlations with loin-eye 
area were of low order and nonsignificant. 


The multiple correlations were small but on 
the borderline of significance. With the other 
variables held constant, lambs which were 
heavy at weaning tended to produce carcasses 
with a greater loin-muscle area. 

The inclusion of the body measurements 
used in this study did not seem to add to 
the accuracy of the prediction. Hence, it 
would be of little value to select for loin 
muscling in sheep on the basis of these body 
measurements and scores obtained several 
months prior to the time of slaughter. 

Relationship of Loin-eye Area with Other 
Carcass Measurements (Experiments I, II, 
III). In addition to information concerning 
the prediction of loin-eye area from carcass 
measurements not requiring cutting-up the 
carcass, the data provided some insight into 
the consistency of carcass relationships for 
lambs of two age groups and from different 
regions in the state. Simple correlation coeffi- 
cients, standard partial regression coefficients, 
and multiple correlation coefficients of loin- 
eye area with various carcass measurements 
are given in table 4. 

Carcass weight, with other variables held 
constant, was less important in determination 


TABLE 3. SIMPLE CORRELATION COEFFICIENTS (r), STANDARD PARTIAL REGRESSION 
COEFFICIENTS (b’), AND MULTIPLE CORRELATION COEFFICIENTS (R) OF LOIN- 
EYE AREA WITH LIVE ANIMAL MEASUREMENTS AND SCORES 
(EXPERIMENT II) 








Independent variables 








r 

and 120-day Lamb Market Type Depth Width Width Width 
b’ weight index grade* score” heart shoulders hips pin bones R 
r 0.15 0.10 0.02 0.08 0.03 0.18 0.05 0.04 rey 
b’ 0.82 —.71 0.14 —.17 —.16 0.16 0.02 0.01 0.28 
b’ 0.80* —.68 0.10 —.11 eee arn ae uiine 0.24 





* Scores from 1 (Top Prime) to 12 (Low Utility). Cull valued as 13. 


» Scores from 1 (Superior) to 15 (inferior). 
© P<.05. 
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TABLE 4. SIMPLE CORRELATION COEFFICIENTS (r), STANDARD PARTIAL REGRESSION 
COEFFICIENTS (b’), AND MULTIPLE CORRELATION COEFFICIENTS (R) OF LOIN- 
EYE AREA WITH CARCASS TRAITS NOT REQUIRING CUTTING UP THE 
CARCASS (EXPERIMENTS I, II, III) 








Independent variables 








Source r 
of data and Carcass Carcass Carcass Width Circum. Circum. 
(Experiment) _b’ length weight grade* gigots thighs forearm R 
I 0.40** 0.56** —.31°* 0.59** 0:42°* 0.39** 
II r 0.36** 0.34** —,28** 0.42** ovide 0.30** 
Ill 0.43** 0.37* 0.11 Pear 0.60** neat 
I b’ 0.13 0.53 0.18 0.41* —.12 0.62** 
II 0.20 — .08 —.15 0.26 0.02 0.45** 
I b’ —.10 0.31 0.40* 0.61** 
II 0.i4 0.02 0.32* 0.43*” 
I b’ 0.01 0.58** 0.59** 
II 0.15 AE O.32°° 0.43** 
I b’ —.13 0.64* 0.16 0.17 0.59** 
III —.12 —.09 0.14 0:77°" 0.63** 
I b’ 0.11 0.45** 0.53** 
Ill — .08 0.66** 0.61** 
I —.11 0, 78°" 0.18 0.58** 
II b’ 0.33" 0.00 —.20 0. 45°" 
Ill 0.28 0.22 0.12 0.46* 





* Scores from 1 (Top Prime) to 12 (Low Utility). Cull valued as 13. 
P< O05. 


** P< 01. 


of loin-eye area in carcasses from the older 
(Experiments II, III) than from the younger 
(Experiment I) lambs. This was probably 
due, at least in part, to the fact that a greater 
proportion of fat would usually be found in 
each additional pound of carcass as lambs 
increase in age. Width of gigots and circum- 
ference of thighs, which are highly correlated 
with each other (0.83**), were each highly 
associated with loin-eye area in both weight 
groups. There was little or no advantage in 
using a combination of several traits to pre- 
dict area of eye muscle as compared to use 
of width of gigots or circumference of thighs 
alone. Thus, lambs which are heavily muscled 
in the leg-of-lamb would be expected to have 
a large eye muscle. Circumference of forearm 
appeared to have less association with loin- 
eye area than did measurements of the leg- 
of-lamb. The accuracy of loin-eye predictions 
from carcass measurements seems to be only 
slightly greater than that attained by live 
animal measurements taken shortly before 
slaughter (tables 2 and 4). 

Equations for predicting area (sq. cm.) of 
eye muscle (Y) for lambs slaughtered shortly 
after weaning are: 





Yi=3.78+0.09 (120-live 
weight, Ib.) 

Yo=—5.07-+0.80 (carcass 
width of gigots, cm.) 

Ys=—6.70+0.32 (carcass cir- 
cumference of thighs, cm.) 


r=0.56** (Expt. I) 
r=0.59** (Expt. I) 
r=0.52** (Expt. I) 


Predictions of loin-eye area from weanling 
traits and measurements obtained several 
months prior to slaughter were too inaccurate 
for practical use. Equations for predicting 
loin-eye area for lambs slaughtered 2 to 3 
months after weaning are: 


Yi=—9.12+0.36 (carcass cir- 
cumference of thighs) 

Ys==—5.82+-0.87 (carcass 
width of gigots) 


r=0.60** (Expt. ITI) 
r=0.42** (Expt. II) 


Other workers have found associations of 
carcass weight (Barton and Kirton, 1958) 
and width of gigots (Walker and McMeekan, 
1944) with weight of muscle in the lamb 
carcass. Botkin et al. (1959) concluded that 
loin-eye area, when combined with a measure- 
ment such as leg area, is reliable as a measure 
of lean content. Some results indicate that 
length of carcass (Palsson, 1939) and leg 
length (Walker and McMeekan, 1944; Knight 
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et al., 1959) may be useful as predictors of 
carcass muscling characteristics. In the pres- 
ent study, gross length of the carcass, which 
included leg length, was associated with loin- 
eye area (carcass weight held constant) for 
carcasses from older lambs. 

The results of this study, in conjunction 
with others, suggest that records obtained 
shortly before slaughter on weight, width of 
leg and length measurements, and possibly 
loin probes, may be useful as indicators of 
the quantitative and qualitative muscling 
characteristics of sheep. More data on leg 
width and body length measurements of live 
lambs and their association with loin-eye area 
are needed before final conclusions can be 
reached on the value of these traits alone or 
in combination with others as predictors of 
loin-eye area. 

Information is also needed on: (1) the 
relative economic importance of lamb carcass 
characteristics such as loin-eye area, percent 
lean cuts, percent protein and fat, and physi- 
cal components, (2) heritabilities of lamb 
carcass traits and their genetic association 
with each other and with other production 
traits, and (3) the relative accuracy of con- 
ventional measures and scores for the predic- 
tion of lamb muscling characteristics as com- 
pared to results obtained using ultrasonic 
equipment. 


Summary 


Data from three crossbreeding experiments 
involving 347 lambs have been used to deter- 
mine the association (within or adjusted for, 
year, breeding group, farm, sex and type-of- 
birth) of weaning traits, and carcass weights 
and measurements (which do not require 
cutting-up the carcass) with loin-eye area. 

Live animal weight, taken shortly before 
slaughter, appears to be approximately as 
accurate for predicting area of the loin-eye as 
carcass measurements which do not require 
cutting-up the carcass. Carcass weight is 
closely associated with eye-muscle area. With 
one exception (carcass weight with carcass 
grade in one group of data), all carcass traits 
were highly correlated with carcass weight. 
Consistent with this was the small increase 
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in precision of eye-muscle predictions when 
measurements were used, holding weight con- 
stant. The relative importance of weight was 
less in carcasses from older lambs. Width of 
gigots and circumference of thighs, which are 
highly correlated with each other, were each 
highly associated with loin-eye area in two 
age groups. 

On the basis of this, and other studies, ‘it 
would appear that culling decisions for meat- 
type sheep could be made most accurately 
on records taken at an age as close to the 
time of marketing as possible. 
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FFECTS of increased intra-testicular 

temperature have been studied exten- 
sively in rams in an attempt to elucidate 
the mechanism of summer sterility in sheep. 
Although Hafez (1959) cited several reports 
which attribute reduced semen quality and 
decreased natural service conception rate in 
summer to effects of heat, little information 
is available on effects of artificially increased 
testicular temperature in cattle. Lagerlof 
(1934) reported increased abnormal sperm 10 
to 40 days after 4 to 9 days of scrotal insula- 
tion in three bulls and increased abnormal 
sperm followed by temporary sterility of 4 
months duration in two bulls insulated for 
11 and 16 days. Casady et al. (1953) reported 
sterility of at least 100 days duration in one 
bull and temporarily reduced semen quality 
in a second bull following 17 days exposure 
to 100° F. ambient temperature in a heat 
chamber. Continuous exposure to a mean 
temperature of 86° F. for 36 days also pro- 
duced sterility in one bull and reduced semen 
quality in another. 

This study was designed to evaluate further 
the effects of short periods of scrotal insula- 
tion on semen characteristics of bulls and to 
compare these effects with those produced by 
y radiation, as characterized by earlier studies 
in this laboratory (Parish, 1958). 


Procedure 


Twelve Hereford bulls, 2 to 6 years old, 
maintained on native pasture during the 
months of June-September, 1959, were used 
in this study. Two consecutive semen samples 
of about 8 ml. each were collected from each 
bull once a week by electroejaculation (Parish 
and Murphree, 1956). Percent motile sperm 
and degree of motility were microscopically 
evaluated. Percent motile sperm was rated 


1This manuscript is published with the permission of the 
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Station, Knoxville, Tennessee. The work was completed under 
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from 0-100 in increments of 10, and degree 
of progressive motility was evaluated through 
a range of 0-4. Sperm concentration was de- 
termined with a Klett-Summerson Colori- 
meter. Optical density of a 1:39 dilution of 
semen in 2.8% sodium citrate solution was 
converted to sperm concentration using previ- 
ously established curves. Slides were prepared 
for determination of percent of live and nor- 
mal sperm by the fast green-eosin method of 
Mayer et al, (1951). One hundred sperm 
from each ejaculate were classified as: (1) 
live or dead, and (2) normal or exhibiting 
one of the following abnormalities: tailless 
head, coiled tail, broken tail, cytoplasmic 
droplet, or other abnormality. 

Following a 3-week characterization period, 
the bulls were assigned to three comparable 
groups of four each. Group one served as 
control. Immediately after the third weekly 
collection, the scrotum of each bull in the 
other two groups was insulated with a double 
walled plastic bag containing a one-fourth 
inch layer of glass wool. This bag was fas- 
tened inside a heavy canvas bag which was 
glued to the skin just above the scrotum. 
Care was taken to prevent interference with 
circulation to the testes. Group two was in- 
sulated for 24 hours and group three for 72 
hours. Rectal and external scrotal skin tem- 
peratures of treated animals were taken with 
a clinical rectal thermometer immediately 
after insulation and at 8 a.m., 12 noon, 4 p.m., 
and 10 p.m. throughout the insulation peri- 
ods. Maximum and minimum atmospheric 
temperatures during the insulation periods 
were 86° and 48° F., respectively. During 
August, the hottest month of the 11-week 
post-insulation collection period, the average 
maximum air temperature was 89° F., the 
average minimum was 65° F. and the highest 
temperature during the experiment was 95° F. 


Results 


Mean rectal temperatures of treated bulls 
at 8 a.m., 12 noon, 4 p.m., and 10 p.m., were 
101.2°, 101.8°, 101.5° and 101.1° F., respec- 
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tively. Mean scrotal skin temperature im- 
mediately after insulation was 92° F. Mean 
scrotal temperature 4 hours after insulation 
was as high as it was the same hour the 
succeeding days. Insulation increased mean 
scrotal skin temperatures to 93.1°, 95.8°, 
96.9°, and 94.5° F. at 8 a.m., 12 noon, 4 p.m., 
and 10 p.m., respectively. 

In the control group, 78% of the sperm 
were alive as indicated by their failure to 
absorb the eosin of the live-dead stain. Live 
sperm in the treated groups expressed as 
percent of live sperm in the control for the 
same collection day are presented in figure 1. 
Semen of both treated groups had less live 
sperm than the control during the second 
and third weeks (P<.01) and the 72-hour 
group had less live sperm than either of the 
other groups during the fourth and fifth weeks 
after insulation (P<.01). 

Morphologically normal sperm in the treated 
groups expressed as percent of normal sperm 
in the control for the same collection day, 
are presented in figure 2. Initial increase of 
abnormal sperm in the treated bulls paralleled 
that of dead sperm. Both treated groups had 
less normal sperm than the control during the 
second through fifth weeks (P<.05). Increase 
of abnormal sperm was primarily due to an 
increase in tailless heads with a smaller in- 
crease in coiled tails. There were no signifi- 
cant changes in the proportion of broken 
tails, cytoplasmic droplets or other defects; 
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Figure 1. Live sperm following 24 or 72 hours 

of scrotal insulation, expressed as percent of 

live sperm in the control for the same collection 

day. 
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Figure 2. Normal sperm following 24 or 72 
hours of scrotal insulation, expressed as percent 
of normal sperm in the controls for the same 
collection day. 


incidence of these defects was low in all 
groups throughout the experiment. 

Decrease in sperm motility occurred at the 
same time as decrease in live and normal 
sperm; however, change in motility did not 
indicate as much damage as did change in 
live and normal sperm. During the second 
through fifth weeks after insulation, 67% of 
the sperm produced by control bulls were 
motile while both treated groups averaged 
55% motile sperm. Degree of motility was 
slightly depressed during the second through 
fifth weeks. This depression was significant 
(P<.05) in both treated groups only in the 
third week after treatment. Percent live 
sperm, normal sperm and sperm motility had 
returned to normal levels at the sixth week 
after insulation. 

Data on sperm concentration are presented 
in figure 3. Week to week variation in sperm 
concentration was greater than in other char- 
acteristics. The control group had a mean 
concentration of 459 million sperm per ml. 
Sperm concentration was significantly de- 
pressed in the 72-hour group during the 
fourth through seventh weeks (P<.05). Ini- 
tial occurrence of lowered sperm concentra- 
tion was 2 weeks later than decrease of live 
and normal sperm. During the fourth and 
fifth weeks an increased proportion of dead 
sperm accompanied this decreased concentra- 
tion. During the sixth and seventh weeks, 
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Figure 3. Sperm concentration following 24 or 
72 hours of scrotal insulation expressed as per- 
cent of concentration in the control for the same 
collection day. 


the only significant effect of the insulation 
was reduced sperm concentration. 

With the exception of one animal in the 
72-hour group all bulls responded quite uni- 
formly. There was no evidence of treatment 
effects on any of his semen characteristics 
even though examination of scrotal tempera- 
ture records of this bull indicated increased 
temperatures comparable to those of other 
bulls in this group. Data from this bull are 
included with those from the other three bulls 
in the 72-hour group. 


Discussion 


These results demonstrate that a small in- 
crease in scrotal temperature for short periods 
of time has a rather severe effect on the pro- 
portion of live, normal, and motile sperm and 
also reduces sperm concentration in bulls. 
Detrimental effects in bull sperm are similar 
to those occurring in ram sperm following 
comparable periods of heat treatment (Phillips 
and McKenzie, 1934; Glover, 1955; Dutt and 
Hamm, 1957). Lagerlof (1934), Herrick 
(1949) and Dutt and Simpson (1957), re- 
ported that in bulls, boars, and rams, respec- 
tively, increased abnormal sperm are accom- 
panied by lowered fertility or sterility. In 
view of these and other similar reports, it 
is possible that semen changes observed in 
these bulls would have resulted in temporar- 
ily lowered fertility or sterility. 

Effects of scrotal insulation and total-body 
irradiation (Parish, 1958) on percent normal 
sperm are shown in figure 4. Decrease in live 
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and motile sperm occurred at the same time 
as decrease in normal sperm following irradia- 
tion. Effects of treatment appeared much 
sooner following insulation and were more 
transitory than effects of irradiation. It should 
also be noted that following insulation, the 
peak in abnormal forms preceded decreased 
concentration, whereas the two effects were 
noted concurrently following irradiation. 

Oakberg (1959) has demonstrated the high 
radiosensitivity of spermatogonia as compared 
to later maturation stages of sperm in mice. 
Turner (1955) states that increased testicular 
temperature has the greatest deleterious ef- 
fect on sperm, followed by spermatids, sperm- 
atocytes, and spermatogonia. Based on esti- 
mates of length of the spermatogenic cycle 
(Ortavant, 1959), the interval betwen irradi- 
ation and appearance of deleterious effects 
indicates that the major radiation damage in 
bulls is also in spermatogonia while insulation 
injures cells more mature than spermatogonia. 
Morphological abnormalities are probably due 
to heat damage to spermatids and mature 
sperm; dead sperm are due to injury to 
spermatocytes in addition to more mature 
cells. Damage to spermatocytes may have 
been responsible for decreased concentration 
following the longer period of insulation in 
the 72-hour group. 


Summary 


Twelve Hereford bulls, 2 to 6 years old, 
were divided into three equal groups: control 
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Figure 4. Percent normal sperm following 72 
hours of scrotal insulation or 400 r of total body 
irradiation (Parish, 1958), expressed as percent 
of control for the same collection day. Hori- 
zontal lines denote period of decreased sperm 
production following each treatment. 
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and scrotal insulation for 24 or 72 hours. 
Insulation raised the mean scrotal skin tem- 
perature approximately 3° F. 

In both treated groups number of live 
sperm decreased to approximately 65% of the 
controls in the second and third weeks after 
insulation; normal sperm dropped to approx- 
imately 60% of the controls in the same 
period. Live sperm and normal sperm re- 
turned to control levels by the sixth week 
after insulation. Sperm motility decreased 
during the period of increased abnormal and 
dead sperm. Sperm concentration decreased 
significantly during the fourth through seventh 
weeks after insulation in the 72-hour group; 
a slight depression was noted in the 24-hour 
group during the same period. 

Comparison of effects of scrotal insulation 
and ionizing radiation demonstrates that these 
two types of injury produce similar semen 
defects, but the major effect of radiation is 
on spermatogonia while insulation affects more 
mature stages of sperm development. 
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ORKERS in animal nutrition have long 

felt the need for some satisfactory means 

of expressing mathematically the relationship 
between the growth of an animal and its feed 
consumption. The equation of the curve of 
diminishing increment was found to be a 
fairly accurate means of expressing the live- 
weight of growing Pekin ducklings as a func- 
tion of feed consumption (Titus, 1928). Com- 
paring intake levels in poultry Hendricks 
et al. (1931) and Titus et al. (1934) found 
the equation to be of value in determining 
the suitability of a given feed mixture for 
growth. Satisfactory application of the equa- 
tion was found in expressing the relationship 
between level of protein intake and body 
weight as well as the efficiency of protein 
and total feed utilization of chickens (Ham- 
mond e¢ al., 1938) and turkeys (Hammond 
and Marsden, 1939) and in comparing the 
efficiency of feed utilization of different breeds 
of chickens (Hess e¢ al., 1941; Glazener and 
Jull, 1946; Fox and Bohren, 1954). Titus 
(1959) has recently demonstrated further ap- 
plications of the equation to animal nutrition. 
The purpose of the present study has been 
to determine if the equation of the curve 
of diminishing increment describes the rela- 
tionship between live-weight and ad libitum 
feed consumption of a large population of 


growing-finishing swine and if so to make- 


applications of the equation as presented by 
Titus (1959). 


Experimental Procedure 


Live-weight and feed consumption data 
were collected over the past several years on 
1200 animals reared at the Michigan State 
University swine research farm. Data were 
obtained biweekly from 6 through 24 weeks 
of age (10 observations) on pigs which gained 
normally (minimum of 1.45 pounds daily 


1 Published with the approval of the Director of the Michi- 
. Agricultural Experiment Station as Journal Article No. 
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gain). All animals were ad libitum fed (five 
or ten pigs per pen) a typical corn-soybean 
meal diet containing a small percentage of 
animal protein and alfalfa meal and supple- 
mented with minerals, vitamins and antibi- 
otics and with free access to water. Essentially 
the only change occurring in the diet through- 
out the growing-finishing period occurred 
when the pigs weighed about 125 pounds at 
which time the protein level of the diet was 
reduced from 16.5% to 13% by adjusting 
the amounts of corn and soybean meal. 

Although Titus (1959) insists that the diet 
must be fixed over the range of live-weights 
studied, it would seem that this change has 
not materially affected the live-weight-feed- 
consumption relationship. Jensen et al. (1955) 
found no significant differences in rate or 
efficiency of body-weight gain of growing- 
finishing pigs receiving 12% or 16% protein 
in the diet. More recently Hudman and Peo 
(1960) have shown that ad libitum fed, grow- 
ing-finishing swine receiving 12% or 14% 
protein in the diet gained at the same rate 
and efficiency and yielded carcasses of similar 
composition. 

The mathematical procedure for determin- 
ing the applicability of the equation to the 
data was that of Titus (1959) and is estab- 
lished by comparing calculated cumulative 
feed consumption values to the observed 
values at identical weights throughout the 
period studied. The numerical values of the 
constants of the equation were calculated 
and adjusted by the method of least squares 
(Hankins and Titus, 1939; Titus, 1959). 
Three adjustments were made with the final 
adjusted values of the constants being A= 
331.68 and k=0.001315. Using these con- 
stants, the equation of the curve of diminish- 
ing increment and the equations derived from 
it (Titus, 1959) were applied to obtain esti- 
mates (within the range over which the data 
were acquired) of the following: (1) the 
quantity of feed required to attain any spec- 
ified live-weight; (2) the instantaneous effi- 
ciency of feed utilization at any specified live- 
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TABLE 1. AVERAGES OF OBSERVED LIVE-WEIGHT AND FEED CONSUMPTION DATA 





Av. feed 
consumed 
in period 


Average 


Age live weight 


Observed 
cumulative 
efficiency 


Observed 
efficiency 
period 


Av. cumulative 
feed consumed 





Ib. 
26. 
38. 
55. 
75 
98. 
122. 
145. 
169. 
191. 
213.7 


wk. 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
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weight; (3) the cumulative efficiency of feed 
utilization to any specified live-weight; (4) 
the cumulative maintenance requirement to 
any weight; (5) the percentage of feed being 
used for maintenance at any live-weight; and 
(6) the live-weight at which the ‘“animal- 
plus-feed” cost is the least. 


Results and Discussion 


Averages of the observed data are presented 
in table 1. It is apparent from these data that 
throughout the growth period the animal 
makes successively lesser gain per unit of 
feed consumed and that the relationship be- 
tween the observed efficiency of successive 
periods is relatively constant. These are the 
essential characteristics of the data which 
bring about conformity to the equation of 
the curve of diminishing increment (Spillman 
and Lang, 1924) which when expressing the 
live-weight-feed-consumption relationship is 
w=—A—(A—w;) e* (after Titus, 1959) in 
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135. 
207. 
292. 
387. 
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588. 
693. 
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which w is the live-weight after any quantity 
of feed, f, has been consumed; A is the max- 
imum live-weight attainable as a result of 
growth, but not as a result of fattening; w; 
is the initial live-weight at which feeding 
began; e is the base of the natural system of 
logarithms; and k is a constant determining 
the decrease in the efficiency of feed utiliza- 
tion as the live-weight increases. 

Use of the equation enables one to calcu- 
late cumulative feed consumption (f,) which 
is shown in table 2 and coincides almost 
exactly with the observed values (f,) as 
shown in figure 1. Both f, and f, conform well 
to the suggested feed consumption of self-fed 
growing-finishing pigs by the National Re- 
search Council (NRC) subcommittee on 
swine nutrition (Beeson et al., 1959). Cal- 
culated values of instantaneous efficiency of 
feed utilization (E,) computed at 25-pound 
intervals compare well with NRC efficiency 
values to approximately 150 pounds live- 
weight from which point the calculated values 


TABLE 2. CALCULATED VALUES OF CUMULATIVE FEED CONSUMPTION AND 
INSTANTANEOUS EFFICIENCY OF FEED UTILIZATION 











Calculated 
cumulative feed 
consumption * 


Live 
weight 


Calculated instan- 
taneous efficiency 
of feed utilization 


Calculated cum. 
efficiency of 
feed utilization 


NRC 
instantaneous 


. efficiency © 





Ib. 
60.7 
131.4 
209.3 
296.1 
394.1 
506.1 


200 638.9 


Yo 
40. 
37. 
33. 
30. 
27. 
23. 
20. 
17.; 


%o 
38. 
36. 
35. 
33. 
31. 
29. 
27. 


Jo 
40.0 
37.5 
33.0 
30.2 
27.3 
25.0 
24.3 
23.8 





(A—wi) 
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gain)/(lb. da. feed). 
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Figure 1. Comparison of observed (F.), calcu- 
lated (F.) and NRC cumulative feed values. 


indicate a somewhat lower efficiency than 
NRC suggests (table 2 and figure 2). Since 
the observed live-weight and feed consump- 
tion data coincide with the locus of points 
which the equation of diminishing increment 
describes, then the calculated instantaneous 
efficiency of feed utilization, Ex=k (A—w), 
decreases linearly with increasing weight. 
Calculated cumulative efficiency of feed util- 
ization, OD ; wi) 


ing live-weight but not in a strictly linear 


, decreases with increas- 





L. 


160 


4 


40 80 





120 200 
w (LBS.) 
Figure 2. Comparison of calculated instan- 
taneous efficiency of feed utilization (E,) and 
NRC values. 
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manner because of the logarithmic relation- 
ship of f, to w. 
The calculated cumulative feed mainte- 
n (A=) _ 
(A—w) 


, includes all feed consumed over the 


nance requirement, M,.= o 


(w—wi) 
kA 
period which is utilized for purposes other 
than growth. Figure 3 demonstrates that of 
the nearly 640 pounds of feed consumed from 
weaning to 200 pounds live-weight, approx- 
imately 240 pounds were required for main- 
tenance over this period leaving 400 pounds 
available for growth. Maximum efficiency 


700 
630F 
560 


490r 


FEED (LBS.) 


42or 


350 


GUMULATIVE 





\ 


20 40.69 80 100 120 140 160 180 200 
W(LBS.) 





_ Figure 3. Comparison of calculated cumula- 
tive feed consumption (F.) and cumulative 
maintenance requirement (M.). 


obtainable over this period under these con- 
ditions is therefore about 43 percent (equal 
to kA) when no feed is required for main- 
tenance. Instantaneous maintenance require- 


100 : 
ment, M=— is expressed as a percent- 


age of instantaneous feed consumption and 
increases linearly with increasing live-weight 
(table 3). 

Instantaneous daily feed consumption 
values were obtained by the tangential method 
from the plot of the cumulative feed con- 
sumption against days-of-age at points cor- 
responding to the specified live-weights. These 
compare very closely with the NRC require- 
ments as shown in table 3. The product of 
calculated daily feed consumption (fa) and 
instantaneous maintenance requirement (Mj) 
yields daily feed maintenance requirement 
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TABLE 3. CALCULATED DAILY FEED CONSUMPTION AND MAINTENANCE REQUIREMENT 


























NRC Calculated Calculated Daily feed 
Live daily feed daily feed Instantaneous daily maintenance available 
weight requirements consumption * maintenance” requirement ° for growth® 
Ib. Ib. Ib. % Ib. Ib. 
50 3.2 3.4 15.1 0.5 2.9 
75 sa 4.7 22.6 1.1 3.6 
100 $3 PR 30.1 1.6 3.7 
125 a 6.2 37.7 2.4 3.8 
150 6.8 6.8 45.2 3.1 7 
175 ry 7.2 52.8 3.8 3.4 
200 8.0 8:5 60.3 Sa 3.4 
a fa. 
bMi=-* 
fa Mi 
Ma= 100” 


4 (fd—Ma). 


values (M,). The difference between f, and 
Mg measures the amount of daily feed con- 
sumed which is available for growth. The 
amount of feed consumed which is available 
for growth daily (fa—Ma) is quite constant 
from 75 pounds through 200 pounds live- 
weight. Rate of body-weight gain over this 
period also was relatively constant, yielding 
a constant value of efficiency of utilization of 
the feed available for growth (kA=43%). 

The graphical solution of the live weights 
at which “pig-plus-feed” costs per pound 
live-weight gain are the least are presented 
in figure 4. This is obtained by the method 
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Figure 4. Graphical method of obtaining live 
weight at which “pig-plus-feed” costs per pound 
gain are the least. 


of Titus (1959) from the equation (w—w\)= 


(A—w) (ku-++2.3025851 log ay in which 


u is the value of the animal (in terms of 
pounds of feed) when feeding is initiated. 
Hence, f+-u is the “pig-plus-feed” cost at any 
weight. In this study, for example, if a 25- 
pound pig is valued at the cost of 400 pounds 
of feed, then the live-weight, at which “pig- 
plus-feed” costs (per pound of live-weight 
gain) are the least, is 204 pounds. 





Summary 


The relationship of the average live-weight 
and feed consumption values obtained bi- 
weekly from 1200 pigs from weaning to mar- 
ket weight is described by the equation of the 
curve of diminishing increment. Calculated 
cumulative feed consumption values were al- 
most identical with average observed values 
and compared well with NRC standards. 
Applications of the equation were made to 
determine cumulative feed consumption, in- 
stantaneous and cumulative efficiency of feed 
utilization and instantaneous and cumulative 
maintenance requirement at any specified 
live-weight within the range over which the 
data were acquired. A graphical solution of 
the live-weight at which the “animal-plus- 
feed” cost per pound of live-weight gain is 
the least is also presented. 
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EFFECTS OF ROUGHAGE-CONCENTRATE RATIO IN CATTLE 
FATTENING RATIONS ON GAINS, FEED EFFICIENCY, 


DIGESTION AND CARCASS * 


D. RicHarpson, E. F. Smitu, F. H. BAKER? AND R. F. Cox 


Kansas State University, Manhattan 


EEF cattle can be fattened economically 

on large quantities of roughage. How- 
ever, a certain level of concentrates is neces- 
sary to produce a carcass finish to meet pres- 
ent market requirements. 


Experimental Procedure 


Feeding trials were carried out during three 
summers (1953-1955) with heifers averaging 
about 625 lb. at the beginning of each trial. 
Roughage to concentrate ratios were 1:1, 1:3 
and 1:5, and a changing one produced by 
increasing concentrate each 28 days. The 
lengths of the first, second and third feeding 
trials were 91, 154 and 125 days, respectively. 
The roughage was good quality alfalfa hay, 
and the concentrate was either sorghum grain 
or corn. The chopped hay and coarsely ground 
grain were mixed and self-fed. All animals 
were started on feed with the 1:1 ratio. Con- 
centrate in the ration was increased as fast 
as advisable until the 1:3 and 1:5 ratios were 
reached. Water, limestone and salt were al- 
ways available. Data shown in table 1 repre- 
sent the entire feeding period. 

Animals were divided as equally as possible 
on the bases of weight, conformation, and 
previous treatment into lots of 10 each. Car- 
cass data were obtained on all animals. 

In digestion trials with 11 Hereford steers, 
the same ratios were used as in the feedlot. 
The changing ratio was omitted. Alfalfa hay 
and cracked sorghum grain were the ration 
ingredients; they contained the following per- 
centages of nutrients, respectively: protein 
16.5, 13.0; ether extract 1.7, 3.6; crude fiber 
29.2, 1.9; nitrogen-free extract 37.9, 71.7. A 
7-day preliminary period was used to adjust 
feed intake previous to a 7-day collection 
period. All 11 steers received the same ration 
during each trial. Digestion coefficients and 
TDN were calculated from results of analyses 


1 Contribution No. 253, Department of Animal Husbandry, 
Kansas Agricultural Experiment Station, Manhattan. 

2 Presently Extension Livestock Specialist, Oklahoma State 
University, Stillwater. 
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of feed and feces obtained by AOAC methods 
(1955). 

Means with equal subclass numbers were 
separated by Duncan’s (1955) multiple range 


TABLE 1, AVERAGE DAILY GAIN, DAILY FEED 
CONSUMPTION, FEED EFFICIENCY, AND CAR- 
CASS DATA OBTAINED DURING 3 YEARS 
WITH HEREFORD HEIFERS ON VARIOUS 
ROUGHAGE TO CONCENTRATE RATIOS 











Changing 
Ratio 1:1 1:3 1:5 ratio 
Average daily gain 
per head, lb. 
1953 1.83 1.97 2.34 WD A 
1954 1.88 1.97 2.14 2.04 
1955 ve 4 2.20 2.32 2.a8 
Average 1.97 2.05 0.27" 204 
Average daily feed 
per head, lb. 
Roughage 
1953 11.5 6.2 5.6 L pe 
1954 10.7 6.2 5.0 1:5 
1955 13.3 5.9 4.2 8.2 
Average 11.8 6.1 4.9 7.8 
Concentrate 
1953 11.4 14.2 16.2 12.2 
1954 10.3 14.2 13.2 13.0 
1955 13.3 16.8 18.3 17.3 
Average 11.7 15.1 16.9 14.2 
Feed per 100 Ib. 
gain, lb. 
Roughage 
1953 630 370 238 431 
1954 537 313 234 368 
1955 603 267 180 351 
Average 602 317 217 383 
Concentrate 
1953 623 706 691 684 
1954 549 720 711 635 
1955 603 763 789 744 
Average 592 730 730 688 
Carcass data 
(average of 
three tests) 
Carcass grade* £39312 27". 32543": 1308 
Marbling score” 7.62 743". $987: 728s 





* Significant (P<.05). 

® Based on av. choice 10, low choice 12, top good 14, av. 
good 16. 

> Based on moderate 5, modest 6, small amount 7, slight 
amount 8. 




















test, and means-with unequal subclass num- 
bers were separated by the method developed 
by Kramer (1956). 


Results and Discussion 


Results of the feedlot test are shown in 
table 1. The largest average gain was pro- 
duced on the 1:5 ratio (P<.05); gains on 
the 1:1, 1:3 and changing ratios were not 
statistically different. Black e¢ al. (1943), 
Keith et al. (1955), Pahnish et al. (1956), 
and Pope et al. (1957) found that average 
daily gain of steers and heifers was not 
greatly influenced by different ratios of 
roughage to concentrate; the trend was for 
gain and carcass grade to increase with con- 
centrate. In the present study ratios of 1:3 
and 1:5 did not produce statistically different 
marbling scores but both produced greater 
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nitrogen free extract and ether extract were 
statistically significant (P<.05). 

The feedlot studies indicate that the chang- 
ing ratio did not affect gains. However, mar- 
bling scores and carcass grades were lower 
than those obtained with the 1:3 and 1:5 
ratios. 

Since the 1:3 and 1:5 ratios produced 
nearly equal results, the choice between them 
depends on availability, methods of handling 
and relative prices of roughage and concen- 
trates. 


Summary 


Heifer feeding trials were conducted dur- 
ing three years with rations having roughage 
to concentrate ratios of 1:1, 1:3 and 1:5, and 
a changing ratio in which concentrates were 
increased each 28 days. Highest average gain 


TABLE 2. AVERAGE DIGESTION COEFFICIENTS OBTAINED WITH STEERS ON VARIOUS 
ROUGHAGE TO CONCENTRATE RATIOS 








Percent apparent digestibility of— 





Ratio of 





roughage to Crude Ether Crude N-free Percent 
concentrate protein extract fiber extract TDN 
5 Ae | 64.6 51.0 51.7 Yn 6 | 61.8 
1:3 66.0 64.1 57.5 79.5 69.0 
1:5 63.1 62.0 48.8 78.5 68.3 
Fw, 2" 1.46 14.64** 10.27** 5.59* 15.92** 





® Foo, 2 represents F with 20 and 2 degrees of freedom. 
* Significant (P<.05). 
** Highly significant (P<.01). 


marbling and higher carcass grades than 1:1 
and changing ratios (P<.05). Individual feed 
efficiencies were not obtained; however, lot 
feed efficiencies were increased slightly by the 
1:3 and 1:5 ratios. 


Total digestible increased 


nutrients 


(P<.01) as the roughage to concentrate ratio . 


was widened from 1:1 to 1:3. As the ratio 
was further widened (1:5) the total digestible 
nutrient percentage was not significantly 
changed. Haynes et al. (1955) and Pahnish 
et al. (1956) showed a linear increase in 
TDN as the amount of concentrate in the 
ration increased up to about 66%. Dowe et al. 
(1955) observed a linear increase with ratios 
of 1:1 to 1:4 but not beyond these up to 1:5. 

Apparent digestibility of protein was sim- 
ilar with all ratios; crude fiber digestibility 
was highest with the 1:3 ratio (P<.01). 
Nitrogen-free extract and ether extract digest- 
ibilities were lowest with the 1:1 ratio 
(P<.05 and P<.01, respectively). Differ- 
ences between steers in ability to digest both 


was obtained with the 1:5 ratio (P<.05) and 
lowest with the 1:1 ratio. Carcass grades and 
marbling scores obtained with the 1:3 and 
1:5 ratios were not statistically different; 
both ratios produced higher grading carcasses 
than either the 1:1 or the changing ratio. 

In a digestion study with 11 Hereford 
steers, a highly significant increase in TDN 
was obtained with the 1:3 and 1:5 ratios 
over the 1:1 ratio. Crude fiber digestion was 
highest with the 1:3 ratio (P<.01); NFE 
digestion was lowest with the 1:1 ratio 
(P<.05) as was ether extract digestion 
(P<.01). Protein digestion was not affected 
by changes in the roughage to concentrate 
ratio. 
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EFFECT OF VARIOUS CATIONS AND CORN OIL ON CRUDE 


CELLULOSE DIGESTIBILITY BY SHEEP * 


R. B. GRAINGER,” M. C. BELL, J. W. Stroup AND F. H. Baker? 


Kentucky Agricultural Experiment Station, University of Kentucky, Lexington, and 
University of Tennessee-Atomic Energy Commission Agricultural 
Research Laboratory, Oak Ridge 


A REDUCED apparent digestibility of nu- 
trients by sheep produced by the addi- 
tion of corn oil or lard to a ration containing 
cottonseed hulls was reported by Swift e¢ al. 
(1951), Tillman e¢ al. (1954), Ward et al. 
(1957), and Brethour e¢ al. (1958). Rhodes 
et al. (1956) and Summers e¢ al. (1957) re- 
ported that the presence of alfalfa ash in 
sheep rations alleviated the depressing effect 
of supplemental fat on cellulose and crude 
protein digestibility. White e¢ al. (1958) ob- 
served that a trace mineral mixture contain- 
ing iron, copper, cobalt, manganese, zinc and 
molybdenum did not alleviate the depressing 
effect of supplemental fat on organic matter 
or cellulose digestibility. Brethour e¢ al. 
(1958) reported that the addition of sodium 
or potassium bicarbonate did not improve the 
utilization of high-fat rations by sheep. White 
and co-workers (1958) showed that the ac- 
tivity of 30 gm. of alfalfa ash in restoring 
normal cellulose digestibility in the presence 
of fat could be replaced by 4.4 gm. calcium. 
Tillman and Brethour (1958) reported that 
a 7.5% corn oil addition to a sheep ration 


significantly reduced the apparent and true 


digestibility of dietary calcium. 

The studies reported herein were designed 
(1) to determine the effect of supplemental 
corn oil on apparent and true digestibility of 
calcium, digestibility of crude cellulose, and 
fecal soap excretion, and (2) to determine 
the effect of cations other than calcium on 
the depression of digestibility of crude cellu- 
lose by corn oil. 





1 The investigation soreet in this paper is in connection 
with projects of Kentucky and Tennessee Agricultural Experi- 
ment Stations and is published by permission of the directors. 
Part of the work was completed under Contract No. AT-40—-1- 
GEN-242 between the University of Tennessee College of 
Agriculture and the Atomic Energy Commission, The radio- 
active materials used in this work were obtained from the Oak 
Ridge National Laboratory on allocation from the United 
States Atomic Energy Commission. 

Research participant, Oak Ridge Institute of Nuclear 


Studies, on leave from the University of Kentucky. 
Oklahoma State University, 


8 Present address: ‘Stillwater. 
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Experimental 


Crossbred wethers that weighed about 90 
Ib. each were treated for internal parasites 
with phenothiazine and sheared prior to this 
series of trials. In all trials four wethers were 
randomly assigned to each treatment. Trials 
1 and 3 were conducted at the Kentucky 
Agricultural Experiment Station and trial 2 
at the University of Tennessee-Atomic En- 
ergy Commission Agricultural Research Labo- 
ratory. The semi-purified basal rations for 
the three trials and their chemical composi- 
tions are presented in table 1. These data on 
chemical composition were based on analysis 
of ration ingredients. The experimental ra- 
tions were prepared as described by Summers 
et al. (1957). The metabolism crates were 


TABLE 1. DAILY RATIONS AND THEIR 
CHEMICAL COMPOSITIONS 














Trials 
Items land 3 2 
Ration constituents, gm. 
Grownd:cormcots i ceeae 455.0 
Cottonseed hulls BAGG oes 
Corn starch 67.3 109.4 
Drackett protein 42.3 42.3 
Urea 8.4 8.4 
Corn syrup 27.0 70.0 
Dicalcium phosphate 9.6 9.6 
Iodized salt 325 ss 
Magnesium sulfate LS 235 
Sulfur (elemental) 0.1 0.1 
Vitamin A and D conc.* 0.2 0.2 
Dry matter, % 90.9 92.4 
Composition of dry matter, % 
Organic matter 95.2 96.5 
Crude protein 12.1 11.0 
Ether extract 13 0.2 
Ash 4.8 oes 
Crude cellulose 46.4 30.4 
Calcium 0.38 0.6 





® 10,000 I.U. of vitamin A and 500 I.U. of vitamin D per 
gram. 
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modifications of those described by Briggs 
and Gallup (1949). Experimental procedures 
for trials 1 and 3 were similar to those de- 
scribed by Woods et al. (1956). Crude cellu- 
lose, referred to as cellulose, was determined 
by the method of Crampton and Maynard 
(1938). Calcium was determined by the 
method of Clark and Collip (1925) and fecal 
soaps by a modification of the method of 
Squibb et al. (1958). 

In trial 2, at the beginning of the collec- 
tion period all animals were given intraven- 
ously one millicurie (mc) of calcium-45 with 
a specific activity of 15 mc per gm. of cal- 
cium. After a 7-day total urine and feces 
collection period, all animals were dosed 
orally with one mc of calcium-45 to obtain 
true digestibility values for calcium (Comar 
et al., 1953). The method of Comar e¢ al. 
(1951) was used for self-absorption correc- 
tions for calcium-45. Radioassay of calcium- 
45 was conducted by use of a thin mica win- 
dow Geiger-Mueller tube connected to a 
scaler. 

The statistical analysis (analysis of vari- 
ance) was conducted as described by Snedecor 
(1956) and treatment comparisons by the 
multiple range test outlined by Duncan 
(1955). 


Results and Discussion 


The mean digestion coefficients and ether 
insoluable fecal soap excretions for trial 1 
are shown in table 2. The addition of 7% 
corn oil to the basal ration depressed apparent 
digestibility of calcium (P<0.05) and cel- 
lulose (P<0.01). The substitution of 7% 
distillers dried solubles in the ration increased 
fecal soap to levels similar to those from 
rations containing corn oil. The fat content 
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of distillers dried solubles is not enough to 
account for this increase in fecal soap, which 
shows that other factors must be involved. 
The distillers dried solubles, which replaced 
corn starch, cottonseed hulls and Drackett 
protein in ration 3 to maintain a constant 
crude protein and cellulose intake, increased 
(P<0.05) apparent digestibility of calcium 
and cellulose over the ration containing 7% 
corn oil. The addition of 4.4 gm. calcium per 
wether per day in ration 5 significantly in- 
creased digestibility of cellulose (P<0.01). 
These results on digestibility of cellulose and 
calcium are in agreement with those reported 
by White et al. (1958) and Tillman and 
Brethour (1958), respectively. Similar effects 
on cellulose digestibility have been reported 
by Davison and Woods (1960). The addition 
of corn oil, corn oil plus calcium and the 
combination of corn oil, calcium and distillers 
dried solubles increased the ether insoluble 
fecal soap excretion. As postulated by Tillman 
and Brethour (1958) and White et al. (1958), 
the apparent digestibility of calcium decreased 
as the insoluble fecal soap increased when 
corn oil was added to the rations. There was 
no relationship between insoluble fecal soap 
excretion or apparent digestibility of calcium 
and cellulose. 

The results obtained in trial 2 are shown 
in table 3. As in trial 1 the addition of corn 
oil (5%) to the basal ration decreased the 
digestibility of calcium and cellulose. The 
addition of 3.7 gm. calcium per wether per 
day in ration 10 returned the digestibility of 
cellulose to that of rations 7 and 8. The de- 
crease and increase in true digestibility of 
calcium produced by corn oil and calcium, 
respectively, added to ration 7 were in agree- 
ment with work of Brethour and Tillman 
(1958). Increased apparent and true digest- 


TABLE 2. SOAP EXCRETION AND APPARENT DIGESTIBILITY OF CALCIUM AND 











Ration no. 


CELLULOSE BY SHEEP FED SUPPLEMENTS TO COTTONSEED HULL RATION 





Apparent 














Auk wndr = 


Daily Fecal digestion coefficients’ 
Ca soap 
Treatment intake —excretion* Calcium Cellulose 
gm. gm. 
Basal ration (B)? 2.66 8.4" 42.3” 59.8° 
(B)-+7% corn oil 2.66 22.2° 20.8" 35.8* 
(B)+7% DDS* 2.90 234" 41.8” 48.5” 
(B)+4.4 gm. Ca 7.10 8.6" 65.2°"  66.4° 
(B)+4.4 gm. Ca+7% corn oil 7.10 18.1° 60.2%" 60.2% 
(B)+4.4 gm. Ca+7% corn oil+119 gm. DDS 7.34 20.9° 64.0°” 63.6° 





1¢>a (P<0.01). 

c>b or b>a (P<0.05). 
2 Cottonseed hull basal ration. 
8 DDS=—distillers dried solubles. 
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TABLE 3. DIGESTIBILITY, FECAL SOAP AND CALCIUM DATA OBTAINED WITH SHEEP 
FED SUPPLEMENTS OF CALCIUM AND FAT* 


Ration no. 7 





8 9 10 





(B)+3.7 gm. 
Basal (B)+3.7 (B)+5% Ca, daily, 
Treatment ration (B)* gm. Ca, daily corn oil +5% corn oil 
Cellulose digestibility, % 60.0° 61:3" 42.1° 60.8 ° 
Fecal soap excretion, gm. 20° 2.0° 3.6 8.3° 
Calcium 
Intake, gm. 4..20 7.90 3.50 8.00 
Excretion, gm. 
Feces 3.36 3.58 3.10 3.37 
Urine 0.018 0.020 0.019 0.022 
Fecal endogenous 1.602 1.593 1.583 1.590 
Retained, % of intake* 19.6%” 54.4° 19;9*** 57.6° 
Apparent digestibility, % 20:07 ° 45.3° 51.57% 42.1° 
Endogenous, % of intake 38.2 20.2 45.2 19.9 
Endogenous, % of fecal 47.7 44.5 51.0 47.2 
True digestibility, % 61.9%” 74.8° 56:.6%.* 77.8° 





2¢>a (P<0.01). 
c>b or b>a (P<0.05). 
2 Corn cob basal ration (B). 
% Not corrected for fecal endogenous. 


ibility of calcium with increased calcium in- 
take is in agreement with sheep work reviewed 
by Duncan (1958). As in trial 1 there was 
an increase in fecal soap excretion with the 
addition of 5% corn oil to the basal ration. 

White et al. (1958) demonstrated a cal- 
cium-fat interrelationship affecting cellulose 
digestibility. Trial 3, shown in table 4, was 
initiated to determine the effect of other ca- 
tions on the depression of cellulose digestibil- 
ity caused by corn oil supplementation. Cal- 
cium, iron, potassium, magnesium and zinc 
were added to ration 12, trial 3 on an equiv- 
alent weight basis. The addition of 7% corn 
oil again decreased (P<0.01) cellulose digest- 
ibility. Calcium supplementation (4.4 gm. per 
wether per day) partially alleviated the de- 
pression of cellulose digestibility but did not 
return cellulose digestibility to the level of 


the basal ration. Iron, added at the level of 


6.2 gm. per wether per day also increased 
cellulose digestibility of the corn oil contain- 


ing ration but not to the level of ration 13 
which contained calcium. Magnesium and 
zinc added to ration 12 at 2.6 and 7.2 gm. 
per wether per day, respectively, caused the 
wethers to stop eating after seven days of 
the preliminary period. These animals could 
not be brought back on feed so they were 
dropped from the trial. Potassium decreased 
cellulose digestion in the corn oil ration. Corn 
oil, iron and potassium reduced digestibility 
of crude protein (P<0.05). 

The data obtained in trials 1 and 2 indi- 
cated that insoluble fecal soap was related 
to cellulose digestibility. The formation of 
calcium or iron salts of long chain fatty 
acids from hydrolyzed neutral fat (Garton 
et al., 1958) in the rumen and their subse- 
quent reduction (Pfander and Verma, 1957) 
would tend to render these acids insoluble 
and therefore ineffectual in decreasing rumen 
microbial activity. Conversely, potassium 
forms a soluble soap in an aqueous medium; 


TABLE 4. APPARENT DIGESTIBILITY OF PROTEIN AND CELLULOSE BY SHEEP FED 
SUPPLEMENTS OF FAT AND MINERALS * 








Apparent digestibility 








Daily 
Ration no. Treatment Ca intake Protein Cellulose 
gm. % %o 
11 Basal ration (B) ” 2.66 68.9” 60.9° 
12 (B)+7% corn oil (BO) 2.66 64.9" 4g..5°:* 
13 (BO) +4.4 gm. Ca, daily 7.10 68.9” 55,5" 
14 (BO) +6.2 gm. Fe, daily 2.66 64.8° 52.3 0.5-* 
15 (BO) +8.6 gm. K, daily 2.66 63.9" C1 BR geile 





1¢>a (P<0.01). 
c>b or b>a (P<0.05). 
2 Cottonseed hull basal ration. 
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and, it decreased cellulose digestion. Nieman 
(1954) states that long chain fatty acids may 
either inhibit or promote bacterial growth 
depending on the nature and concentration 
of the fatty acid, and on the bacterial species 
involved. These data indicate that the cation 
balance in a ration that contains neutral fat 
deserves further consideration in relation to 
rumen microbial activity. 


Summary 


Three digestibility studies were conducted 
with wethers to determine the effect of var- 
ious cations aid corn oil on fecal soap excre- 
tion and crude cellulose digestibility. The 
addition of 7% corn oil to the basal ration 
decreased the apparent digestibility of cel- 
lulose and the apparent and true digestibility 
of calcium; and, it increased insoluble fecal 
soap. The addition of 4.4 gm. of calcium or 
6.2 gm. iron to the daily ration alleviated or 
partially alleviated the effect of corn oil on 
cellulose digestibility. A similar, but unex- 
plained, effect was produced by distillers 
dried solubles. It is suggested that the balance 
of the rumen cations determining the solu- 
bility of the saturated long chain fatty acids 
affects rumen microbial activity and should 
be considered further. 
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ABY pigs receive passively acquired anti- 
bodies from their dams via the colostrum 
during the first 24 to 36 hours after birth 
(Nelson, 1932; Earle, 1935; Barrick et al., 
1954; Hoerlein, 1952; Speer et al., 1959; 
Brambell, 1958). Speer e¢ al. (1959), Bruner 
et ai. (1949) and Brambell (1958) concluded 
that no measurable intestinal absorption of 
antibodies occurs in the baby pig over two 
days old. McDiarmid (1946), Smith and 
Holm (1948), McCarthy and McDougall 
(1953) and Young and Underdahl (1949, 
1950) have studied the persistence of colos- 
trum-acquired antibodies in various species 
with a syndesmochorial or epitheliochorial 
type placenta. 

Freund (1927, 1930) and Baumgartner 
(1934, 1937) concluded that the young of a 
species has a limited capacity to produce 
antibodies. Osborn et al. (1952) observed 
that infants up to one month of age responded 
poorly to diphtheria toxoid, but from 2 to 6 
months of age the response was fairly strong. 
Greenberg and Fleming (1950, 1951) found 
that immunization of infants at 3 to 4 months 
of age to diphtheria, tetanus and pertussis 
was a sound procedure and where passively 
acquired antibodies were present, the active 
response was not hindered but simply delayed 
for a time. Hoerlein (1957) observed active 
antibody production in pigs at 25 days of 
age after an injection of bacterin at 21 days 
of age. 

This study was designed to investigate the 
effect of weaning baby pigs at 2 weeks of age 
on persistence of colostrum-acquired immu- 
nity, the effect of colostrum-acquired immu- 
nity on active antibody production, and the 
effect of zymosan (a polysaccharide type 


1 Journal Paper No. J-3908 of the Iowa Agricultural and 
Home Economics Experiment Station, Ames. Project No. 959. 

2 From a portion of a thesis presented by the senior author 
to the Graduate School, Iowa State University of Science and 
Technology, in partial fulfillment for the Ph.D. degree, 1959. 

8 Present address: Department of Agriculture, Illinois State 
Normal University, Normal, Illinois. 

This research was partially supported by grants-in-aid and 
potertels from Standard Brands, Incorporated, New York, New 

ork. 
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residue of Baker’s yeast, after autolysis, tryp- 
sin digestion and alcohol precipitation) in- 
jections on persistence of colostrum-acquired 
immunity. 


Experimental Procedure 


Experiment 1. Seven mature crossbred sows 
were immunized to Serratia marcescens bac- 
terin in which the initial injection was ad- 
ministered intravenously 4 to 6 weeks prior 
to parturition. The initial injection contained 
approximately 2.4 x 10° cells and each sub- 
sequent weekly injection was increased by 
1.2 x 10° cells until the sows farrowed. This 
particular organism was chosen as the antigen, 
since it is not normally found in the animal 
body and does not grow at 37° C; therefore, 
little or no antigenic contamination would be 
expected to interfere in an experiment carried 
out in a non-sterile environment. Blood sam- 
ples were drawn from all 68 pigs by anterior 
vena cava puncture at 1, 7, 14, 21, 28, 35 
and 42 days of age and antibodies to Serratia 
marcescens determined by the hemagglutina- 
tion technique of Westphal et al. (1952a, 
1952b). As each litter reached 2 weeks of age, 
half of the pigs were weaned and where pos- 
sible the pigs from two litters that were to 
continue nursing were combined and put on 
one sow. The weaned pigs were fed 5 Ib. of 
Ration 1 and then Ration 2 for the remainder 
of the experiment (table 1). The sows were 
allowed to eat the lactation ration ad libitum 
(ration 3). The experiment was terminated 
when the pigs were 6 weeks of age. 

Experiment 2. Seven crossbred sows were 
immunized to a mixed bacterin of Escherichia 
coli and Candida albicans. The sows received 
four or five intravenous injections of the 
mixed bacterin. The number of cells per in- 
jection was chronologically as follows: 4.5 x 
10°, 9.0 x 10%, 1.5 x 10%, 1.5 x 10! and 
5s 16". 

When the pigs were 7 days of age, four 
pigs from each litter were selected for further 
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TABLE 1. + COMPOSITION OF RATIONS 

















Baby Lactation 
pig rations ration 
Ingredient 1 2 3 
Ground yellow corn 18.76 19.95 40.00 
Sucrose Eye foe |. | | Amal 
Sem tere ak Ty eee ae 20.00 
Ground oat groats 0: BSA: kas as 


Dried whey (70% lactose) 


Solvent soybean oil meal 


(50% protein) 1.19 19.00 10.00 
Meat and bone scraps 

ID nc 2 es 5.00 
Condensed fish solubles 2905 250 2.50 
Dried skimmed milk 40:00: 20.000. cs 
Dehydrated alfalfameal ..... ..... 10.00 
Stabilized lard 2.00 2.00 poe 
Dried beet pulp 2.00 2.00 5.00 
Calcium carbonate 0.10 0.25 ca 
Dicalcium phosphate 0.75 1.60 0.80 
Iodized salt 0.50 0.50 0.50 
Trace mineral mix* .20 0.20 0.20 
Vitamin-antibiotic premix" “700 2.00 1.00 


8 The trace mineral mix furnished in parts. per ‘anillion the 
following elements: iron, 140.8; copper, 9.6; cobalt, 3.2; 
zinc, 163.2; manganese, 113.6; potassium, 15.0. 

> Provided quantities to give ‘the following calculated analy- 
sis—Ration 1 and 2, vitamin A, 3000 I.U.; vitamin Dz, 
500 1.U.; riboflavin, 5 mg.; pantothenic acid, 10 mg.; niacin, 
30 mg.; choline, 500 mg.; vitamin Biz, 20 mcg.; neomycin, 
5 mg.; bacitracin, 10 mg.; butylated hydroxytolue ne, 0.0125%. 
Ration 3: Vitamin De, 500 I.U.; riboflavin, 2.6 mg.; panto- 
thenic acid, 9 mg.; niacin, 20 mg.; vitamin Biz, 10 mcg.; 
penicillin, 5 mg. 

¢ No antibiotics were included in ration for experiment 3. 


study on the basis of weight and antibody 
titers to the two organisms mentioned above. 
The 28 pigs were randomly allotted from the 
litter groups to the following treatments: (1) 
control; (2) injections of the mixed bacterin; 
(3) injections of zymosan; (4) combination 
of treatments 2 and 3. The injections of the 
mixed bacterin were started at one week of 
age and the injections of zymosan were started 
at 2 weeks of age. The actual number and 
size of the injections are presented in the 
footnote of table 2. The pigs were weaned at 
2 weeks of age and assigned to individual 
pens in a relatively disease-free building. The 
floor of this building was radiantly heated 
and the room temperature was controlled by 
a forced air space heater. The temperature 
of the floor and the room was maintained 
at 85° F. for the first week and dropped 
5° F. each week to a low of 70° F. All in- 
coming air was passed through a bank of 
germicidal lamps and germicidal lamps were 
spaced around the room to maintain a low 
disease level. 

Five lb. of Ration 1 were fed each pig and 
then Ration 2 (ad libitum) was fed for the 
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remainder of the experiment (table 1). Blood 
samples were drawn weekly by anterior vena 
cava puncture and the serum titrated for 
E. coli and Candida albicans by serially dilut- 
ing the separate bacterins, whose cellular 
concentration corresponded to the McFarland 
Nepholometer tube No. 1, by adding 0.1 ml. 
of serum to 0.9 ml. of the bacterin to the first 
tube. The serum-bacterin mixture was then 
incubated for 24 hours at 37° C., refrigerated 
for 24 hours at 4° C. and positive agglutina- 
tion readings were made by gently tapping 
each tube and observing the degree of ag- 
glutination. The change in procedure for de- 
termination of serum antibody level was 
necessary since consistent results could not 
be obtained with these two organisms by 
the hemagglutination procedure used in Ex- 
periment 1. The experiment was terminated 
when the pigs were 5 weeks of age. 
Experiment 3. Twenty-four crossbred pigs 
averaging 8.5 lb. in weight were used to study 
the effects of a combination of two antibiotics, 
bacitracin and neomycin, on growth, feed 
efficiency and antibody production in pigs 
injected with saline, Serratia marcescens bac- 
terin and a combination of Serratia marcescens 
bacterin and zymosan. The pigs were 


TABLE 2. THE EFFECT OF INJECTIONS OF 
E. COLI AND CANDIDA ALBICANS MIXED 
BACTERIN AND ZYMOSAN ON THE SERUM 
ANTIBODY CONCENTRATION OF PIGS FAR- 
ROWED BY DAMS HYPERIMMUNIZED WITH 
E. COLI AND CANDIDA ALBICANS MIXED 





BACTERIN 
eas ae : ro das s)- 

No. ———— = 
Treatment pigs 1 7 Gee 84 28 Be 





Average agglutination 
titer to E. coli 


Control 7 264 Re Ee et 
Mixed bacterin“ 7 256: 24.4233: -26...83 
Zymosan” 7 191 26 14 7 6 10 
Mixed bacterin * 
f- 
zymosan” 7 307 28 14 9 10 20 
Average agglutination 
titer to Candida albicans 
Control 7 94:48 AB A383) 3165:.4 
Mixed bacterin “* 7 87 34 19 12 16 11 
Zymosan” 7 86 (24:24 1411-16 
Mixed bacterin * 
os 
zymosan” 7 84 29 23 30 16 16 


® Bacterin was an 1 equal mixture of E. coli 6.0 x 108 $ cells 
per ml. and Candida albicans 5.0 x 108 cells per ml. One ml. of 
mixed bacterin was injected intravenously at 7, 14, 17 and 21 
days of age; 2.0 ml. intravenously at 24 and 28 days of age. 

b Zymosan was injected intraperitoneally at 5.0 mg. per kg. 
of body weight at 14 and 21 days of age. 

















weaned at 2 weeks of age and allowed one 
week to become adjusted to their feed and 
individual pens before the treatments were 
begun. The antibiotics were incorporated in 
the ration at the level of 10 mg. of bacitracin 
and 5 mg. of neomycin per Ib. of total ration. 
The bacterin was injected intravenously at 
the rate of 1.2 x 10° cells per pig at 3 weeks 
of age and 3.0 x 108 cells per pig at 4 weeks 
of age. Five mg. of zymosan per kg. of body 
weight were injected intraperitoneally at 3 
weeks of age. Blood samples were taken from 
each pig at 3 and 5 weeks of age and anti- 
bodies to Serratia marcescens were determined 
by the hemagglutination procedure. The en- 
vironmental conditions and the feeding regi- 
men of this experiment were the same as in 
Experiment 2. The experiment was termi- 
nated when the pigs were 5 weeks of age. 
Experiment 4. Forty-one crossbred pigs 
weaned at 15 days of age were assigned to one 
pen of five, and nine pens of four pigs each 
to study the age at which group-fed baby 
pigs, weaned at 2 weeks of age, actively pro- 
duce antibodies when injected with Serratia 
marcescens bacterin. The bacterin was in- 
jected according to the following schedule: 
3.0 x 10® cells intraperitoneally at 15 days, 
3.0 x 10° cells intravenously at 18 days, and 
6.0 x 10° cells intravenously at 22 days of 
age. Blood samples were drawn at 15, 19, 24, 
30 and 37 days of age and antibodies to 
Serratia marcescens determined by the hemag- 
glutination procedure. Feeding and manage- 
ment were similar to that described for the 
previous experiment. The experiment was ter- 
minated when the pigs were 37 days of age. 
Experiment 5. Four crossbred litters, 35 
pigs, were used to study the antibody re- 
sponse in pigs weaned at 2 weeks of age versus 
littermate pigs remaining on their dams. As: 
two litters of pigs reached 2 weeks of age, 
each litter was divided equally by paired 
weights. One half of the pigs in each of the 
two litters were weaned, fed and managed as 
described previously and the remaining pigs 
were combined on one of the sows. The two 
treatments of each replication were assigned 
adjacent pens. Serratia marcescens bacterin 
was injected intravenously in all pigs at 14 
and 21 days of age at the rate of 3.0 x 10° 
cells per injection. Blood samples were drawn 
from each pig by anterior vena cava puncture 
at 2, 3, 4 and 5 weeks of age and serum 
antibody titers determined by the hemagglu- 
tination procedure. The experiment was ter- 
minated when the pigs were 5 weeks of age. 


COLOSTRUM-ACQUIRED IMMUNITY 
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Results and Discussion 


Experiment 1. Pigs farrowed by sows hy- 
perimmunized with Serratia marcescens bac- 
terin had an average antibody titer of 1:930 
at one day of age (figure 1). The titer had 
declined to 1:330 at one week of age, and 
dropped further to 1:100 at two weeks of age. 
No difference was detected in the antibody 
titer of pigs remaining on sows and pigs 
weaned at two weeks of age. Consequently, a 
graphic presentation of the combined treat- 
ments was made (figure 1). 
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Figure 1. Serum antibody titer to Serratia 
marcescens of baby pigs receiving antibodies 
from colostrum. 


Experiment 2. Average total gain per pig 
and average feed conversion are presented in 
figure 2, and serum antibody titers are pre- 
sented in table 2. There were no statistically 
significant differences in growth or feed effi- 
ciency among the four treatments. The pigs 
receiving injections of zymosan gained 3% 
more but with similar feed efficiency as the 
pigs not injected with zymosan. The serum 
antibodies to E. coli received passively from 
the colostrum were not affected by injections 
of bacterin or zymosan. After 4 weeks of age 
there was an indication that the pigs had 
commenced to produce antibodies to E. coli. 
The zymosan injections increased antibody 
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Figure 2. Effect of injections of E. coli and 
Candida albicans mixed bacterin, and zymosan 
on total gain and feed efficiency of baby pigs 
passively immunized to E. coli and Candida 
albicans. 


titers to Candida albicans slightly, but had no 
effect on antibody titers to E. coli. This differ- 
ence might be expected since Saccharomyces 
cerevisiae, the source of zymosan, is more 
closely related to Candida species than to 
Escherichia species. 

Experiment 3. The results demonstrate that 
baby pigs in semi-isolation can produce anti- 
bodies by 5 weeks of age when bacterin is 
injected at 3 weeks of age (figure 3). None 
of the pigs showed measurable serum anti- 
bodies to Serratia marcescens prior to the 
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Figure 3. Effect of injections of Serratia mar- 
cescens bacterin and Serratia marcescens bac- 
terin plus zymosan with and without bacitracin 
and neomycin antibiotic combination on anti- 
body response to Serratia marcescens. 
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initial injection of the bacterin. When the 
pigs were injected intravenously with 1.2 x 10° 
cells at 3 weeks of age, symptoms of shock 
were observed in every pig. Since previous 
serum antibody titers to Serratia marcescens 
were negative, this shock was not considered 
to be the result of a sensitivity reaction, but 
rather to the fact that this number of cells 
was too much for an initial injection for a pig 
of this age to tolerate intravenously. This 
probably also explains the reduced gain and 
feed efficiency of the treated pigs compared 
with the control pigs injected with physiologi- 
cal saline (figure 4). The treated pigs were 
given a second intravenous injection of bac- 
terin (3.0 x 108 cells) at four weeks and no 
apparent adverse effects were noted. It may 
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Figure 4. Effect of injections of Serratia mar- 
cescens bacterin and Serratia marcescens bac- 
terin plus zymosan with and without bacitracin 
and neomycin antibiotic combination on total 
gain and feed efficiency of baby pigs. 


be seen in figure 3 that both the antibiotics 
and zymosan injections resulted in higher 
antibody titers. No difference in antibody 
production was expected due to the addition 
of bacitracin and neomycin, which to the 
contrary resulted in an increase in average 
antibody titer of more than 50%. An increase 
in antibody production of more than 50% 
resulted from a single intraperitioneal injec- 
tion of 5 mg. of zymosan per kg. of body 
weight at 3 weeks of age. The serum antibody 
titers to Serratia marcescens of the saline con- 
trol pigs were negative at the 1:10 dilution 
throughout the experiment. 

Experiment 4. Baby pigs are capable of 
actively producing antibodies by 3 weeks of 
age (figure 5). At 3 weeks of age the magni- 
tude of response is quite low and can hardly 
be considered of any significance in protect- 
ing the baby pig from infections. The average 
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Figure 5. Antibody response of group-fed 
pigs immunized with Serratia marcescens bac- 
terin. 


serum antibody titer of 1:92 at 24 days is 
indicative of a degree of convalescence before 
the baby pigs are 4 weeks of age. 

After the pigs passed the stage of recovery 
from the injected bacterin the serum anti- 
body titers diminished quite rapidly. This 
would indicate that the baby pig soon loses 
his ability to continue producing antibodies 
and that the antibodies present in the blood 
behave as though they had been acquired 
passively. 

Experiment 5. The ability of the baby pigs 
to actively produce antibodies is not influ- 
enced by early weaning at 2 weeks of age 
(figure 6). This experiment supports Ex- 


periment 4 in that active antibody response 


is low until after 3 weeks of age. 


Discussion 


Colostrum-acquired antibodies are detect- 
able in the serum of pigs for at least 6 weeks 
after birth although the level is rather low 
beyond 3 weeks of age. Injections of bacterin, 
initiated at 1 week of age, did not stimulate 
demonstrable antibodies until the pig was at 
least 4 weeks old when the pig had received 
colostrum antibodies of the same type. Injec- 
tions of zymosan did not cause a drop in 
antibody titers nor did it cause an increase 
in active Z. coli titers when given simultane- 
ously with the E£. coli bacterin. Zymosan in- 
jections did result in increased active antibody 
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titers to Serratia marcescens and to Candida 
albicans. This indicates that there are anti- 
genic sites common to zymosan and Serratia, 
and zymosan and Candida. 

Even though pigs weaned at 2 weeks of 
age are capable of producing antibodies by 
3 weeks of age, the 3-week age seems to be 
the most critical period for the pig as far 
as serum antibody concentraiton is concerned. 
At this age the colostrum-acquired anti- 
bodies are very low and active production 
of antibodies has not reached a level indica- 
tive of immunity. 


Summary 


One hundred and ninety-five baby pigs 
were used in five experiments to study colo- 
strum-acquired antibodies and active anti- 
body production. Colostrum-acquired anti- 
bodies persisted in the bloodstream of baby 
pigs for at least 6 weeks after birth with no 
difference between pigs weaned at 2 weeks of 
age and pigs nursing sows. Baby pigs pro- 
duced antibodies actively in the presence of 
colostrum-acquired antibodies to the same 
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Figure 6. Antibody response of baby pigs im- 
munized with Serratia marcescens weaned at 
two weeks of age versus littermate baby pigs 
allowed to nurse their dams past two weeks of 
age. 
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bacterin between 4 and 5 weeks of age. Injec- 
tions of zymosan had no effect on the length 
of life of colostrum-acquired antibodies. In- 
jections of zymosan resulted in higher active 
antibody titers to Serratia marcescens and 
Candida albicans but not to E. coli when in- 
jected simultaneously with the immunizing 
bacterin. 

Pigs weaned at 2 weeks of age were capable 
of actively producing antibodies by 3 weeks 
of age. The response was quite low up to 4 or 
5 weeks of age at which time the antibody 
response was great enough to be indicative of 
some protection for the pig. There was no ap- 
preciable difference in active antibody re- 
sponse between pigs weaned at 2 weeks of age 
and pigs allowed to nurse their dams longer 
than 2 weeks. 
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AVAILABILITY OF THE PHOSPHORUS IN VARIOUS 


SOURCES FOR CALVES 


M. B. WiseE,! R. A. WENTWoRTH ® AND S. E. Situ ” ® 


Cornell University, Ithaca, New York 


NCREASED demands for feed phosphorous 

and recent shortages of bone meal have 
accentuated the need for critical evaluation of 
phosphorus supplements used in cattle feed- 
ing. Perhaps one of the earliest evaluations 
was that of Theiler (1927) who observed that 
bone meal, sodium phosphate, calcium phos- 
phate, phosphoric acid and wheat bran were 
effective in alleviating the osteophagia of 
phosphorus deficient cattle; whereas, ground 
rock phosphate had little curative effect. A 
later report on this work by du Toit e¢ al. 
(1930) characterized calcium phosphate as a 
very effective agent in the cure of osteophagia. 
Reed and Huffman (1930) reported that feed- 
ing raw rock phosphate to cattle produced 
abnormal teeth, exostosis and ankylosis. These 
abnormalities were attributed to high levels of 
fluorine in the rock phosphate, a viewpoint 
that was later substantiated. 

In more recent studies with growing beef 
cattle, Beeson et al. (1946), Hodgson e¢ al. 
(1947), Plumlee and Beeson (1953), Ammer- 
man et al. (1957), and Long et al. (1956b) 
failed to show any significant difference in the 
availability of phosphorus in steamed bone 
meal, dicalcium phosphate, defluorinated rock 
phosphate and Curacao Island phosphate. Am- 
merman et al. (1957), using phosphorus bal- 
ance and blood phosphorus levels as criteria, 
reported no significant difference between the 


availability of the phosphorus in soft phos-° 


phat and that in bone meal, defluorinated 
rock phosphate or an imported rock phos- 
phate. In contrast, Long e¢ al. (1956a) found 
that the availability of phosphorus, as meas- 
ured by bone ash, plasma inorganic phos- 
phorus levels and weight gain was greater 
from dicalcium phosphate than from soft 
phosphate. Likewise, Raun e¢ al. (1956) and 
Burroughs et al. (1956) reported that cattle 
gained more rapidly when supplemented with 
dicalcium phosphate than when fed soft phos- 
phates. Availability to cattle of the phos- 
"2 Address: Animal Industry Department, North Carolina 
State College, Raleigh, North Carolina. 

2 Address: Animal Husbandry Department, Cornell Univer- 
sity, Ithaca, New York. 
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phorus in phosphoric acid has been studied 
by Menzies et al. (1955), Richardson e¢ al. 
(1957), and Tillman and Brethour (1958). 
A comprehensive review of the fluorine prob- 
lem in livestock feeding has been presented 
by Mitchell and Edman (1952). 

The work presented herein was designed to 
obtain information on the biological avail- 
ability of phosphorus in various supplements 
used in feeding young growing cattle. 


Experimental Procedures 


Fifty Holstein calves were used in two 
experiments. Males were used in Experiment 
I and females in Experiment II. Experimental 
procedures were similar for both experiments 
and will be presented together with excep- 
tions noted wherever necessary. The calves, 
7-8 weeks of age, were selected from subjects 
used in a previous study of calf starters. All 
calves were fed a diet of dry starter and 
alfalfa hay during a preliminary period of 
4 or 5 weeks to minimize possible residual 
differences from previous treatment. During 
the terminal week of the transition period, the 
diet was changed gradually to a low-phos- 
phorus semi-purified basal one, the composi- 
tion of which is shown in table 1. 

The basal diet, analyzed according to the 
method of Koenig and Johnson (1942), con- 
tained 0.11% phosphorus for Experiment I 
and 0.085% phosphorus for Experiment IT. 
Each experiment consisted of five treatments 
(basal and basal plus each of four supple- 
ments) with five animals per treatment. In all 
treatments except the unsupplemented basal, 
the phosphorus sources were added to elevate 
the dietary phosphorus level to 0.19% of the 
diet. This level was slightly below the phos- 
phorus requirement (0.22%) previously de- 
termined for calves of this age (Wise et al., 
1958). The phosphorus sources, phosphorus 
levels, calcium levels, Ca:P ratios and fluorine 
levels of the rations are presented in table 2. 
The calves were individually fed ad libitum 
throughout a test period of 56 days in Experi- 
ment I and 99 days in Experiment IT. 
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TABLE 1. COMPOSITION OF BASAL DIET * 











Percent of 
Component air-dried diet 
Degerminated corn meal 40.0 
Beet pulp and dried molasses 15.0 
Cerelose (glucose H:O) 15.0 
Corn oil 5.0 
Corn starch 13.5 
Blood meal 9.0 
Urea 0.5 
NaCl 1.0 
CaCOs 1.0 


Trace minerals” 





*In Experiment I, vitamin A and D oil was added to 
supply 3375 I.U. of vitamin A activity and 650 I.U. of 
vitamin D per pound of feed. In Experiment II, vitamin A 
and D oil supplied 14,600 I.U. of vitamin A activity and 
2,600 I.U. of vitamin D to the daily ration. 

>In Experiment I, a trace mineral mixture supplied 20 mg. 
iron, 10 mg. copper, 10 mg. manganese and 1 mg. cobalt per 
pound of feed. In Experiment II, 25 mg. of cobalt was given 
to each calf once each week. 


Daily feed intakes were recorded and 
weights were measured at biweekly intervals. 
Blood was sampled by jugular puncture 
initially and at 14-day intervals thereafter. 
Serum inorganic phosphorus levels were de- 
termined by the method of Simonsen e¢ al. 
(1942) in Experiment I and by the method 
of Fiske and Subbarow (1925) in Experiment 
II. Serum alkaline phosphatase activity was 
assayed by the Bodansky (1933) method 
adapted to the use of the molybdivanadate 
method for measuring the phosphorus released 
(Experiment I). 

Autoradiographs were employed to measure 
bone growth. Two millicuries of Ca*® were 
injected intravenously into each calf subse- 
quent to initiation of the respective experi- 
ments, 11 days in Experiment I and 18 days 
in Experiment II. At 45 days post-injection 
in the first experiment and 81 days post-injec- 
tion in the second experiment the calves were 
killed and the bones removed. In Experiment 
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I, longitudinal sections from the medial area 
of the distal ends of the femurs and the costal 
ends of the eighth ribs were cleared of bone 
fragments and fat, with alcohol and ether, 
and exposed for a period of 4—6 days on 
X-ray film. In Experiment IT, the bones were 
frozen, then sectioned in the frozen state and 
subsequently exposed to X-ray film for 6-8 
days in a freezer. After films were developed, 
femur area of growth was measured with a 
planimeter; and the growth in length of the 
ribs was measured with vernier calipers. 

A 1-inch sample of the costal end of the 
ninth rib from all calves was thoroughly dried 
and the fat extracted with ether. Subsequently 
determinations for ash content (A.0.A.C., 
1945) phosphorus content (Koenig and John- 
son, 1942) and per cent phosphorus in the 
ash were completed. Fluorine levels in the 
rib samples were determined by the method 
of Singer and Armstrong (1954) in Experi- 
ment I. 

A balance study was conducted during the 
latter portion of Experiment II to compare 
phosphorus retention of calves which received 
the unsupplemented basal ration with those 
fed the ration supplemented with dicalcium 
phosphate. The trial consisted of a 3-day pre- 
liminary and a 7-day collection period. 

The experimental data were analyzed sta- 
tistically by analysis of variance and treat- 
ment means were subjected to the multiple 
range test of Duncan (1955). 


Results 


The semi-purified basal ration utilized in 
these studied apparently supplied all the nu- 
tritional factors, with the exception of phos- 
phorus, necessary for normal responses in 


TABLE 2. PHOSPHORUS SOURCES, PHOSPHORUS LEVELS, CALCIUM LEVELS, 
Ca:P RATIOS AND FLUORINE LEVELS OF DIETS FED 











Basal+- Basal+- Basal+- Basal-+ 
Dicalcium Defluorinated Curacao Colloidal 
Phosphate, Phosphate, Island Clay 
Phosphorus source Basal CP. Rock Phosphate Phosphate 
Experiment I (0.11% P in basal and 0.19% P in supplemented diets) 
Calcium, % 0.55 0.50 0.55 0.57 0.55 
Ca:P ratio 5.0 2.6 2.9 3.0 2.9 
Fluorine, ppm 20 20 22 42 120 
Experiment II (0.085% P in basal and 0.19% P in supplemented diets) 
Calcium, % 0.55 0.50 0.57 0.59 0.54 
Ca:P ratio 6.5 2.6 3.0 KF | 2.8 
Fluorine, ppm 20 20 22 50 152 
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TABLE 3. AVERAGE RESPONSES OF CALVES FED DIFFERENT SOURCES OF 


PHOSPHORUS—EXPERIMENT I 














Phosphorus source 
Basal+- Basal+ Basal+- Basal-+ 
Dicalcium Defluorinated Curacao Colloidal 
Phosphate, Phosphate, Island Clay 

Criteria Basal CR. Rock Phosphate Phosphate 
Initial weight, Ib. 222 215 222 216 210 
Total gain (56 days), lb. 56.2 65.4 72.0 62.4 71.8 
Total feed intake, lb. 328 335 356 310 325 
Feed/gain* 6.38 5.15 5.14 5.09 4.53 
Serum inorganic phosphorus 

Change, mg. % —3.79 —2.10 —2.00. —2.49 —3.44 

Terminal, mg. % 4.69 6.87 6.44 6.18 5.87 
Serum phosphatase activity 

Change, Bodansky U. 8.84 4.83 5.29 6.68 9.38 

Terminmal, Bodansky U. 15.55 11.03 11.18 12.89 17.32 
Growth of femur, sq. in. 0.79 0.90 0.96 0.76” 0.81 
Growth of 8th rib, cm. 2.04 2.41 2.48 2.19 1.87 
Ash in rib, % 43.4 47.6 47.1 48.7 49.6 
Phosphorus in rib, % 6.91 7.79 7.47 7.84 yy 
Phosphorus in ash of rib, % 15.9 16.4 16.0 16.1 15.6 
Fluorine in rib, ppm 556 562 654 932 1859 





* Calculated as an average of individuals. ‘ i : 
b Low value due to one calf with extremely small bones. (Mean excluding this animal was 0.82). 


young calves. Average responses of calves fed 
the different phosphorus sources are presented 
in table 3 for Experiment I and in table 4 
for Experiment II. A summary of the mean 
squares from the analyses of variance of data 
from both experiments is shown in table 5. 


Experiment I 


Growth Study. Body weight gains were 
slightly greater among calves on the treat- 
ments receiving phosphorus supplements than 
in the calves fed the unsupplemented basal. 
It was recognized that an experimental pe- 


TABLE 4. AVERAGE RESPONSES OF CALVES FED DIFFERENT SOURCES OF 


riod of 56 days was of insufficient length to 
allow expression of significant differences in 
growth rate; however, emphasis in this study 
was on other response criteria. Feed intake 
and feed conversion values were in much the 
same category as growth rate. The supple- 


mented calves did have a more favorable 
feed-gain ratio (table 3); however, this did 
not prove to be significant upon statistical 


PHOSPHORUS—EXPERIMENT II 


analysis. During the terminal 14-day period 
of the study, feed intake was declining among 
calves on the basal ration and those supple- 
mented with soft phosphate. Subsequent work 
indicates that these trends would have be- 














Phosphorus source 
Basal+ Basal-+- Basal-+- Basal+- 
Dicalcium Defluorinated Curacao Colloidal 
Phosphate, Phosphate, Island Clay 
Criteria Basal Gar. Rock Phosphate Phosphate 
Initial weight, Ib. 167 166 170 169 168 
Total gain (99 da.), lb. 67.2 109.2 118.2 137.0 81.8 
Total feed intake, Ib. 369 486 527 555 408 
Feed/gain* 6.69 4.50 4.66 4.10 5.03 
Serum inorganic phosphorus 
Change, mg. % —3.51 —1.53 —2.57 —2.70 —3.40 
Terminal, mg. % 2.83 5.26 4.13 4.12 3.07 
Ash in rib, % 34.5 42.2 41.0 41.5 35.3 
Phosphorus in rib, % 5.78 7.32 7.05 7.15 5.89 
Phosphorus in ash of rib, % 16.8 17.3 17.2 17:2 16.7 
Phosphorus retained, 
% of dietary P. —17.7 56.6 





® Calculated as an average of individuals. 
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TABLE 5. SUMMARY OF MEAN SQUARES FROM THE ANALYSIS OF VARIANCE OF 


Degrees 


Terminal ‘Change 


GROWTH, FEED, BLOOD AND BONE DATA 





Source of of Weight Feed Feed serum in serum Femur Rib Ash % GP 
variation freedom gain intake gain phosphorus phosphatase growth growth in rib in rib 
Experiment I 
Replication 4 110.8 673 0.64 0.25 7.65 0.0184 0.020 8.13 0.15 
Treatments 4 247.6 1450 BRS 4 3.42* 24.21 0.0361* 0.323** 28.39 0.80 
Exp. error 16 284.5 2161 1.35 0.75 17.54 0.0077 0.066 11.32 0.29 

Experiment II ! 
Replication 1 3073* 64938** 3.64 Ca weaned ul Speakers) eae 0.01 .80 
Treatments 4 3945** 30898** 5.03 P< aatag Rae ORE aaa om aL ae ae A 67.85* 2.74* 
Expt. error 19 591 4224 2.55 RS P= aae ts. i irigee Ga aes 22.32 0.69 





** Significant at 1% level of probability. 
* Significant at 5% level of probability. 


come more pronounced with a longer experi- 
mental period. 

Blood and Bone Studies. Serum inorganic 
phosphorus levels were previously shown to 
rapidly reflect changes in levels of dietary 
phosphorus. In this study a marked decline 
in serum inorganic phosphorus was observed 
during the initial two-week period among 
calves fed the basal diet and those receiving 
the soft phosphate with colloidal clay (figure 
1). Moderate declines on the other diets 
reflected the change from a phosphorus rich 
pre-experimental diet to the relatively low 
phosphorus content of all experimental diets 
(0.19% P). Terminal serum inorganic phos- 
phorus on the basal diet was approximately 
4.7 mg. %. A terminal level of 5.9 mg. % 
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Figure 1. Serum inorganic phosphorus levels, 
in milligrams percent, of calves fed different 
sources of phosphorus. The legend at the upper 
left — the supplements fed. Experi- 
ment I. 





was observed on the soft phosphate diet while 
the serum inorganic phosphate on the other 
three diets ranged from 6.2 to 6.9 mg. % 
(table 3). Differences in terminal serum in- 
organic phosphorus were statistically signif- 
icant (P<0.05) (table 5). Serum alkaline 
phosphatase activity measurements revealed 
some interesting data. Bi-weekly variations 
in phosphatase activity (figure 2) was great, 
and activity was inversely related to serum 
phosphorus levels and apparently to the avail- 
ability of the dietary phosphorus. Terminal 
phosphatase activity was elevated among 
calves on the basal and soft phosphate diets 
but was similar for calves receiving dicalcium 
phosphate, defluorinated rock phosphate or 
Curacao Island phosphate. 

Bone growth, as measured by autoradio- 
graphs of femurs and ribs, was apparently a 
sensitive method of determining the amount of 
phosphorus supplied by the sources. Growth 
in length of rib was significantly different 
(P<0.01) among treatments. Rib growth 
was greatest on the defluorinated phosphate 
followed by dicalcium phosphate and Curacao 
Island phosphate. Calves in the soft phos- 
phate group exhibited slightly less rib growth 
than calves fed the unsupplemented basal. 
Femur autoradiographs allowed measurement 
of the area of bone growth of the distal and 
of the femur along the epiphyseal line (table 
3). Calves fed diets containing either defluor- 
inated phosphate or dicalcium phosphate had 
significantly larger growth areas than those 
which received either soft phosphate or the 
basal diet. The smallest average femur growth 
was found in the calves receiving Curacao 
Island phosphate; however, depression of 
this mean was due primarily to one calf hav- 
ing extremely small bones. 

In this experiment, differences in rib ash 
content, rib phosphorus content, and phos- 
phorus in the ash of the rib did not prove 
to be statistically significant; however, some 
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Figure 2. Serum phosphatase activity, in Bo- 
dansky units, of calves fed different sources of 
phosphorus. The legend at the upper right repre- 
sents the supplements fed. Experiment I. 


trends were evidenced. The unsupplemented 
calves had slightly lower rib ash and rib 
phosphorus contents than did the supple- 
mented calves. The lowered phosphorus con- 
tent of the rib ash of the calves fed soft 
phosphate could have been due, in part, to 
the elevated level of fluorine in the rib ash 
(table 3) of calves fed this source of phos- 
phorus. 


Experiment II 
Growth Study. Compared to the previously 


discussed experiment, this study was of longer 


duration (99 days) and hence allowed ex- 
pression of differences in body growth attrib- 
utable to treatment. As shown in table 4, 
growth was significantly (P<0.05) more 
rapid among calves supplemented with either 
dicalcium phosphate, defluorinated phosphate, 
or Curacao Island phosphate than among 
those fed soft phosphate or the unsupple- 
mented basal diet. Performance differences 
were accentuated following the fourth week of 
the experiment (figure 3). One calf on the 
dicalcium phosphate treatment and one calf 
in the defluorinated phosphate group, how- 
ever, consumed less feed and gained approx- 
imately one-half as much in body weight as 
other calves in their respective groups; thus, 
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with exception of these two calves dicalcium 
phosphate, defluorinated phosphate, and Cur- 
acao Island phosphate used as phosphorus 
supplements produced almost identical weight 
gains. Statistical analysis of feed intake data 
revealed a significant (P<0.01) difference in 
rate of feed consumption between treatments. 
The feed intake pattern (table 4) corre- 
sponded to that presented by weight gains. 
More feed was necessary per unit of gain in 
the basal and soft phosphate groups than for 
the calves receiving the other three supple- 
ments. However, these differences were statis- 
tically insignificant. 

Blood and Bone Studies. Serum inorganic 
phosphorus again proved to be a valuable tool 
for the evaluation of phosphorus availability 
from supplements. A precipitous decrease was 
noted among calves fed the basal ration dur- 
ing the initial 14-day period (figure 4) fol- 
lowed by a more gentle decline over the 
remainder of the experiment. Calves fed soft 
phosphate exhibited a sharp decline for 6 
weeks followed by a gentle decline. Serum 
inorganic phosphorus on the other three sup- 
plements declined around 1 mg. % during 
the first period and decreased only slightly 
thereafter. Analysis of terminal values for 
serum phosphorus showed no significant dif- 
ference between the basal and soft phosphate 
diets with the other three supplements signif- 
icantly higher. Dicalcium phosphate also gave 
a significantly higher terminal serum phos- 
phorus mean value than either defluorinated 
or Curacao Island phosphate. 

Bone growth measurements from autoradio- 
graphs were not possible in this experiment. 
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Figure 3. Body weight, in pounds, of caives 
fed different sources of phosphorus. The legend 
at the upper left represents the supplements fed. 
Experiment II. 
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Lines of Ca*® deposition as seen on the ex- 
posed films were too diffuse to permit reliable 
measurements. It would appear that the 
growth period of 81 days was long enough for 
activity deposited along the epiphyseal plate 
to be relocated by bone growth to the trabec- 
ular region where resorption was taking place 
at the time of bone removai. 

Ash and phosphorus content of a one-inch 
segment of the costal end of the ninth ribs 
(table 4) followed a similar pattern indicating 
a significantly (P<0.05) greater mineraliza- 
tion of ribs from calves fed dicalcium, defluor- 
inated and Curacao Island phosphates than 
the samples from calves receiving either the 
soft phosphate supplemented diet or the un- 
supplemented basal diet. 

The phosphorus balance study indicated 
that calves fed dicalcium phosphate retained 
an average of 56.6% of their dietary phos- 
phorus; whereas, those fed only the basal 
diet excreted an average of 17.7% more than 
they consumed. Although extreme variation 
in percentage retention was experienced, these 
values proved to be statistically significant 
(P<0.05). 

Calves receiving the unsupplemented basal 
diet and the soft phosphate supplemented diet 
exhibited the general phosphorus deficiency 
symptoms of rough hair coat and stiff gait 
during the latter portion of the experiment. 


Discussion 


In the following discussion more weight is 
given to the results of experiment 2 because 
it was of significantly longer duration. Con- 
sideration of all criteria from both experi- 
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ments indicates that the phosphorus in chem- 
ically pure dicalcium phosphate is only 
slightly more available than that in either 
defluorinated phosphate or Curacao Island 
phosphate. The phosphorus in the latter two 
supplements appeared to be of about equal 
availability. Soft phosphate with colloidal 
clay was definitely the least satisfactory of 
the phosphorus sources tested. Some criteria 
indicated that a small amount of the phos- 
phorus in the soft phosphate was available 
to the calf, but in no instance did responses 
differ significantly from those of calves fed 
the unsupplemented basal diet. With pro- 
longed feeding it is probable that high fluorine 
levels in this supplement would also present 
a problem since the fluorine levels in the soft 
phosphate supplemented diets used in these 
studies (table 2) exceeded the level of 60- 
100 ppm recommended by the National Re- 
search Council (Phillips et al/., 1955). 

Among the response criteria utilized, serum 
inorganic phosphorus was regarded as one of 
the most sensitive and reliable. One distinct 
advantage of this criterion was that treatment 
differences were exhibited early and persisted. 
Bone growth as measured by autoradiographs 
proved to be a useful tool, especially in short 
term studies. Serum phosphatase activity ap- 
peared to be a good indicator of phosphorus 
availability whenever mean values are con- 
sidered; however, this criterion is not par- 
ticularly applicable on an individual basis 
due to its wide variation with time and among 
individuals. Body growth and bone content 
of ash and phosphorus appeared to be excel- 
lent measurements for experiments of rela- 
tively long duration. The data accumulated 
in these studies were subjected to further 
analysis as an aid in judging the relative 
precision of the several measurements used. 
Results of these calculations are presented 
in table 6 as coefficients of variation. These 


TABLE 6. COEFFICIENTS OF VARIATION OF 
SOME RESPONSE CRITERIA USED IN THESE 
STUDIES 


(computed from values on 50 calves) 











Criteria % 
Total feed intake 14 
Body weight gains 25 
Feed/gain 27 
Terminal serum phosphorus 20 
Bone growth (femurs and ribs) 9 
Ash content of ribs 10 
Phosphorus content of rib 10 
Phosphorus in ash of rib 3 




















coefficients agree well with those reported 
from an earlier study of similar nature (Wise 
et al., 1958). 


Summary 


Fifty Holstein calves were used in two 
experiments to determine the availability of 
the phosphorus in various supplements. At 
11-13 weeks of age the calves were changed 
from a grain-hay pre-experimental ration to 
a semi-purified basal diet containing 0.11% 
phosphorus in one experiment and 0.085% 
phosphorus in the other. In each experiment 
the basal diet was compared with the same 
diet supplemented to contain a total of 0.19% 
phosphorus. Supplements studied were dical- 
cium phosphate, C.P.; defluorinated rock 
phosphate; Curacao Island phosphate; and 
soft phosphate with colloidal clay. Among the 
response criteria utilized were feed intake and 
efficiency, body weight gains, serum inorganic 
phosphorus, serum alkaline phosphatase ac- 
tivity, bone growth as measured from rib and 
femur autoradiographs, bone ash and bone 
phosphorus content. A phosphorus balance 
also was used on a limited scale. 

From these studies it was concluded that 
the phosphorus in the defluorinated rock 
phosphate tested was only slightly less avail- 
able to the calf than that in chemically pure 
dicalcium phosphate. Availability of the phos- 
phorus in Curacao Island phosphate appeared 
to closely approach that of defluorinated 
phosphate. Soft phosphate with colloidal clay 
was definitely the least satisfactory supple- 
ment used. Considering all criteria it would 
appear that less than half of the phosphorus 
contained in this source is available to the 
young calf. 


The sensitivity and reliability of the var-- 


ious response criteria utilized in these studies 
are discussed. 
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NUMBER of workers have reported dif- 

ferences in dressing percent and in edible 
and inedible offal yields between British and 
Brahman crossbred cattle. Black et al. 
(1934), Ittner (1950), Woodward et al. 
(1954), Carroll et al. (1955), Holt (1955) 
and Butler et al. (1956) found significant 
differences in dressing percent between Brit- 
ish and Brahman cattle. In all cases Brahman 
cattle dressed higher; a difference of 2.73% 
in dressing percent was reported by Butler 
et al. (1956). Black et al. (1934) and Butler 
et al. (1956) explained the large difference 
in dressing percent as being due to the smaller 
gastrointestinal tract, and smaller fill capac- 
ity of Brahman cattle. These workers also 
reported that Brahmans had smaller heads, 
heavier hides, smaller livers, and lighter 
shanks than British cattle. 

These reports compare slaughter and car- 
cass characteristics of Brahman crossbred 
cattle with British cattle. There is need, how- 
ever, for a comparison of Brahman crossbred 
cattle with Brahmans. There is also need for 
information showing the extent to which the 
percent of Brahman breeding influences cer- 
tain slaughter and carcass characteristics. 

The objective of this study was to deter- 
mine the effects of percent of Brahman breed- 
ing on in-transit and overnight shrink of live 
animals, dressing percent and on percent of 
head, feet, hide, pluck, liver and gastroin- 
testinal tract and contents. A further objec- 
tive was to study the relationship of percent 
of Brahman breeding and carcass grade and 
length, length of leg, circumference of round, 
chuck thickness, yield of wholesale cuts, com- 
position of the 9-10-11 rib-cut and tender- 
ness of steaks and roasts. 


Experimental Procedure 


A study to determine feed-lot performance 
of steer calves of varying proportions of 
‘ 1 Florida Agricultural Experiment Station Journal Series, 
No. 1198. 
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ment Station, Gainesville 


Brahman and Shorthorn breeding through a 
140-day period was initiated at the Range 
Cattle Station, Ona, Florida, October, 1952. 
Weanling calves were selected as uniformly 
as possible according to weight, age and 
feeder grade. Breeding of the animals used 
was as follows: Group 1, 34-Shorthorn— 
14-Brahman; Group 2, '%4-Shorthorn—™%- 
Brahman; Group 3, %4-Shorthorn—34-Brah- 
man and Group 4, purebred Brahman. The 
study was conducted over a four-year period 
using four steer calves per group each year 
except in 1952 when only three 34-Shorthorn 
4-Brahman calves were available. 

All groups were placed on a preliminary 
feeding period of seven to ten days to become 
accustomed to surroundings and rations be- 
fore full feeding started. The ration, fed 
twice daily, consisted.of 25 parts cottonseed 
meal (41%), 5 parts 34-inch chopped alfalfa, 
10 parts ground yellow corn and 60 parts 
dried citrus pulp. In addition, each steer re- 
ceived 2 pounds of citrus molasses and 3 
pounds of pangola hay per day. Cod liver 
oil was fed at the rate of 2 ounces per animal 
per week and a complete mineral mixture 
was available to the calves at all times. 

At the completion of each year’s trial the 
steers were weighed and trucked 196 miles to 
the University Meats Laboratory at Gaines- 
ville. Upon arrival, the steers were weighed, 
fasted overnight with access to fresh water, 
weighed again, and slaughtered. 

Head, hide, feet, gastrointestinal tract and 
content, liver and pluck percentages were 
calculated. Warm carcass weights were ob- 
tained as a basis for cooler shrink data. 
Carcasses were chilled 48 hours at 34°-36° F., 
weighed, ribbed and graded to the nearest 
one-third of a grade by an official grader 
of the U.S.D.A. 

Measurements were made on the right side 
of each carcass as described by Naumann 
(1951). In addition, thickness of chuck was 
measured at a point anterior and perpendic- 
ular to the first rib. The left side of each 























































carcass was broken into wholesale cuts by 
the procedure described by Hankins and 
Howe (1946) and later outlined by Welling- 
ton (1953). 

Estimation of the physical composition of 
the carcass was made by processing the 9—10— 
11 rib-cut from the left side as described by 
Hankins and Howe (1946). Moisture, fat 
and protein determinations on the lean and 
fat mixture of the 9-10-11 rib-cut were made 
as outlined in the A.O.A.C. (1950). 

The 6-7-8 rib-cut was roasted at 350° F. 
to an internal temperature of 165° F. and 
the Longissimus dorsi tested for tenderness by 
an eight member panel. A three-inch roast 
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The data were coded and punched on cards 
for electronic computation of analysis of 
variance. 


Results and Discussions 


Slaughter weight, in-transit and overnight 
shrink, average daily gain, dressing percent, 
carcass grade, cooler shrink and percent hide 
and offal removed at slaughter are presented 
by group averages in table 1. 

Difference between groups in slaughter 
weight, in-transit and overnight shrink, aver- 
age daily gain and dressing percent were 
not significant. Carcass grade varied signifi- 


TABLE 1. BREED-GROUP COMPARISONS OF SLAUGHTER CHARACTERISTICS 














Group 
Statistical 
Item 1 2 3 4 significance 
Breeding of animals ¥% Sh. YZ Sh. ¥4 Sh. Brahman 
4 Bra. Y, Bra % Bra. 

No. of steers 15 16 16 16 a 
Slaughter wt., lb.* 772 775 785 752 n.s 
In-transit and over- 

night shrink, % 4.1 4.1 4.1 4.2 n.s 
Av. daily gain, lb. 1.94 2.00 2.02 2.01 n.s 
Dressing percent 62.1 60.5 61.8 60.9 n.s 
Carcass grade High High Low High 

700d-+ good good+ standard+ nds 

Cooler shrink, % 1.0 1,1 11 1.3 ns. 
Head, % 3.0 3.0 3.0 3.4 ns 
Feet, % 1.7 ce 1.9 1.9 ae 
Hide, % Lid 8.2 9.0 10.4 a 
Pluck, % 17 1.8 1.8 1.8 n.s 
G.I. tract and content, % 14.9 14.8 13.3 129 nds 
Liver, % 1.4 1.4 ¥33 1.3 ns 





n.s. Non-significant. 
** Significant at .01 level of probability. 
® Kill weight immediately before slaughter. 


of the 12th rib area was roasted in the same 
manner as the 6—7—8 rib cut, cooled to room 
temperature and one-half inch cores removed’ 
for Warner-Bratzler shear determinations. 

The short-loin was removed 48 hours after 
slaughter, wrapped, frozen and later cut into 
one-inch steaks. Three steaks from the ante- 
rior end of the loin were broiled to a medium 
well done degree (160° F.) and the Longis- 
simus dorsi removed, trimmed of exterior fat 
and connective tissue and quartered for the 
four-member taste panel. Three adjacent 
steaks were broiled, cooled to room tempera- 
ture and cored for Warner-Bratzler shear 
determinations. Four one-half inch cores 
equal distance apart were removed starting 
at the top of the eye and progressing down- 
ward to the bottom of the eye. Two shear 
readings were made on each core. 


cantly between groups. The 14-Brahman car- 
casses in group 1 averaged high good-plus 
while the Brahman carcasses (group 4) aver- 
aged only high standard-plus. The carcasses 
in groups 2 and 3 averaged high good and 
low good-plus, respectively. Because groups 
differed significantly in carcass grade, other 
differences attributed to group may at least 
in part be due to carcass grade. 

Cooler shrink during the 48-hour chilling 
period was low for all breed-groups and dif- 
ferences lacked significance. Differences in 
percent head, pluck and liver were small 
and insignificant. 

Cattle of predominantly Brahman breed- 
ing (groups 3 and 4) had significantly heavier 
feet, and heavier hides and smaller gastroin- 
testinal tracts than the 14- and 34-Shorthorn 
cattle. 
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Carcass cut-out and measurement data 
are presented in table 2. Differences between 
groups in length of carcass lacked significance. 
However, a highly significant difference be- 
tween groups for length of leg and circum- 
ference of round was found. Brahman and 
34-Brahman carcasses had greater length of 
leg and smaller circumference of round than 
carcasses from the %- and '%-Brahman 
groups. 

As percent of Brahman blood increased, 
the thickness of the chuck decreased; the 
thinner chucks were found in the purebred 
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cut the highest percent while group 1 cut the 
lowest, with groups 4 and 3 intermediate. 

The cuts which normally show the highest 
deposition of fat in higher grading animals, 
the plate, flank and kidney knob, were signif- 
icantly heavier in the higher grading, 34- 
Shorthorn, carcasses. 

Groups 3 and 4 had higher percentages of 
sirloin and round than groups 1 and 2. A part 
of the higher percent of round may be ex- 
plained by the longer leg of the predominantly 
Brahman carcass. 

When the wholesale cuts of round, rib and 


TABLE 2. BREED-GROUP COMPARISONS OF CARCASS CHARACTERISTICS 














Group 
Statistical 
Item 1 2 3 4 significance 
Breeding of animals ¥% Sh. 4 Sh. ¥4 Sh. Brahman 
4 Bra 4 Bra. ¥, Bra. 

No. of steers 15 16 16 16 a 
Carcass length, in. 43.77 43.84 44.12 43.86 n.s. 
Length of leg, in. 29.24 29.58 30.54 30.44 sik 
Circumference of round, in. 29.53 29.04 28.96 28.92 - 
Thickness of chuck, in. 6.03 5.85 5.57 5.59 " 
Forequarter, % 49.93 50.94 49.94 50.50 ¢ 
Hindquarter, % 50.07 49.06 50.06 49.50 . 
Chuck, % 25.38 26.22 26.03 26.18 n.s. 
Foreshank, % 3.76 3.77 3.99 4.11 es 
Brisket, % 4.13 3.90 3.67 3.92 n.s. 
Rib, % 9.25 10.29 9.57 9.87 re 
Plate, % 7.19 6.69 6.62 6.49 sy 
Round, % 18.30 18.41 18.89 19.88 ve 
Rump, % 5.93 5.90 6.11 5.82 ns. 
Sirloin, % 7.75 7.74 8.54 8.13 = 
Short-loin, % 6.55 6.53 6.56 6.82 ns. 
Flank, % 6.09 5.78 5.38 5.26 ** 
Kidney knob, % 5.09 4.19 4.08 2.84 int 
Combined round, rib 

and full-loin, % 41.86 42.41 43.58 44.70 7 





n.s. Non-significant. 
** Significant at .01 level of probability. 
* Significant at .05 level of probability. 


Brahman cattle and the thicker chucks were 
found in group 1. The differences were highly 
significant. 

Carcass yields of chuck, brisket, rump and 
short-loin were rather uniform with little 
difference shown between groups. 

The Brahman carcasses (group 4) differed 
somewhat in conformation from the 34-Short- 
horn carcasses (group 1) with significantly 
heavier forequarters and lighter hindquarters. 
A part of the difference in percent forequarter 
was due to a higher percent of foreshank in 
the Brahman carcasses. Differences in per- 
cent of wholesale rib, although highly signif- 
icant, should not be attributed to percent of 
Brahman or Shorthorn blood since group 2 





full-loin were combined, the Brahman car- 
casses in (group 4) cut the highest percent 
followed, in decreasing order, by groups 3, 
2 and 1. 

Separable lean, fat, bone and connective 
tissue content of the 9-10-11 rib-cut is 
presented in table 3. Brahman and 34-Brah- 
man rib-cuts of groups 4 and 3, respectively, 
had more lean, less fat, and more bone (with 
about the same arnount of connective tissue) 
than the %- and 34-Shorthorn rib-cuts. 

Moisture, ether extract, and protein values 
of the separable lean and fat mixture from 
the 9-10-11 rib-cut are shown in table 3. 
Ether extract was highest in group 1 and 
decreased with increase in percent of Brah- 
man blood. Moisture and protein values were 














TABLE 3. BREED-GROUP COMPARISON 


BRAHMAN AND BRAHMAN-SHORTHORN 


OF THE PHYSICAL AND CHEMICAL 


COMPONENTS OF THE 9-10-11 RIB-CUT 














Group 
Statistical 
Item 1 2 S 4 significance 
Breeding of animals 3% Sh. ¥% Sh. 1% Sh. Brahman 
\ Bra. 4 Bra ¥% Bra. 

No. of steers 15 16 16 16 
Physical composition 

Separable lean, % 45.8 50.7 51.9 53.5 nik 

Separable fat, % 38.4 32.8 30.7 28.5 sees 

Separable bone, % 13.8 14.8 16.9 16.4 rr 

Connective tissue, % 1.8 1.6 1:5 £3 ns. 
Chemical composition 

Ether extract, % 41.1 37.5 35.0 31.7 sei 

Moisture, % 44.5 46.9 49.5 51.7 * 

Protein, % 14.5 15.6 15.5 16.6 sts 





n.s. Non-significant. 
** Significant at the .01 level of probability. 


highest in the leaner, lower grading carcasses 
of group 4 and decreased with increase of 
carcass grade. Differences in moisture, ether 
extract and protein were highly significant. 

Tenderness of roasts and steaks is presented 
by group in table 4. Roast tenderness, as 
determined by panel, differed at a highly 
significant level among the groups. For the 
first three years a pronounced decrease in 
roast tenderness with each increase in per- 
cent Brahman blood was observed. Data for 
the fourth year differed in that roasts in 
group 3 were more tender than the roasts in 
group 2. Group 1 roasts were most tender 
for each of the four years and group 4 roasts 
the least. 

Warner-Bratzler shear values were obtained 
on the last three years roasts. Shear data on 
roasts are reported in table 4 and agree closely 


with panel scores for groups 1 and 4. Group 
1 roasts were the most tender and group 4 
the least. Differences were significant at the 
.05% level. 

During the last two years, unaged short- 
loin steaks were tested for tenderness by 
panel and shear test. Breed differences in 
tenderness were not significant by either taste 
panel or Warner-Bratzler shear evaluation. 
However, table 4 shows a similar trend as that 
for roast tenderness determined by the panel. 
Group 1 steaks were most tender and group 4 
steaks the least. Groups 2 and 3 were very 
similar in tenderness. 


Summary 


A comparison of the slaughter and carcass 
characteristics between four breed groups 


TABLE 4. BREED-GROUP COMPARISON OF TENDERNESS OF ROASTS AND STEAKS 
BY PANEL AND WARNER-BRATZLER SHEAR 














Group 

Statistical 
Item 1 2 3 4 significance 
Breeding of animals ¥Y% Sh. ¥% Sh. Y% Sh. Brahman 

\% Bra. 4 Bra. ¥Y% Bra. 

No. of steers 15 16 16 16 eh 
Panel score on roast* 4.90 4.13 4.40 4.01 ? 
No. of steers 12 12 12 12 iy 
Shear value on roast 8.65 11.04 10.24 11.64 .. 
No. of steers 8 8 8 8 $3 
Panel score on steaks * 4.84 4.07 4.08 3.64 ns. 
Shear values on steaks 8.81 10.02 9.64 9.89 ns. 





n.s. Non-significant. : 
** Significant at the .01 level of probability. 
* Significant at the .05 level of probability. 


® Panel scores are on a scale of 1 to 6 with, 1=:very tough, 4=average tenderness and 6=very tender. 
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composed of 34-Shorthorn—%-Brahman, /%- 
Shorthorn—'%-Brahman, 1%4-Shorthorn—3,4- 
Brahman and purebred Brahman steers is 
presented. 

Differences between breed groups in aver- 
age daily gain, in-transit and overnight 
shrink, slaughter weight, dressing percent, 
cooler shrink, percent head, percent pluck, 
percent liver, length of carcass, percent chuck, 
percent brisket, percent rump and percent 
short-loin lacked significance. 

The 34-Shorthorn—™%-Brahman carcasses 
graded higher than other breed groups and 
had the highest percent of fat and ether ex- 
tract along with the lowest percent of lean, 
moisture and protein of the 9-10-11 rib-cut; 
decrease in carcass grade and percent fat and 
ether extract as well as increase in percent 
lean, moisture and protein of the 9-10-11 
rib-cut followed increase of percent Brahman 
breeding. 

Brahman and 34-Brahman cattle had 
higher percent feet, shanks and hide than 
¥4- and 34-Shorthorn cattle. The 34-Short- 
horn cattle had the lightest hides and as per- 
cent Brahman breeding increased, percent of 
hide increased. Also, the percent of live weight 
removed as gastrointestinal tract and content 
was highest in the 34-Shorthorn breed group 
and decreased with increase in percent of 
Brahman breeding. 

The lower grading Brahman and 34-Brah- 
man carcasses had significantly longer legs 
and higher percents of round and foreshank, 
thinner chucks and lower percents of plate, 
flank and kidney fat than the %- and 34- 
Shorthorn groups. 

Brahmans and 34-Brahmans had heavier 
sirloins than the %4- and 34-Shorthorns. 
Brahman carcasses had the highest percent 
of the combined cuts of round, rib and full- 
loin. As the percent of Brahman breeding 
decreased the percent of these cuts also de- 
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creased. A highly significant difference of 
2.84% was found between the purebred 
Brahman and the 34-Shorthorn groups. 

Roasts from the 34-Shorthorns were signif- 
icantly more tender than roasts from the 
Brahmans by taste panel evaluation. Warner- 
Bratzler shear values showed the 34-Short- 
horn roasts to be the most tender and the 
purebred Brahman roasts the least. The 
34-Brahman roasts were slightly more tender 
than the %-Brahman roasts by both panel 
and shear tests. 
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NFORMATION on the effect of estrogens 

on the estrous cycle of the cow is limited. 
Kidder (1954) reported that 100 mg. of 
diethylstilbestrol given on the 16th day of 
the cycle caused ovulation failure and large 
luteinized cysts in dairy heifers. Injection 
with lower levels of diethylstilbestrol or injec- 
tion at different stages of the estrous cycle, 
however, caused little or no alteration of the 
cycle. Greenstein et al. (1958) reported that 
estradiol injected from the second to the 
twelfth day of the estrous cycle induced early 
regression of the corpus luteum. Loy e¢ al. 
(1960) reported that injection of estradiol- 
17-B from day 1 through 13 of the estrous 
cycle caused a decrease in weight’ of the 
corpus luteum and in percent of functional 
cells, but did not alter progesterone concen- 
tration. 

The purpose of the research reported in 
this paper was to determine the effects of 
various forms and/or levels of estrogen alone 
or in combination with FSH, or FSH and LH 
on the estrous cycle of beef heifers. 


Materials and Methods 


Trial 1. Fifty-four 18-month-old (Hereford, 
Angus and Shorthorn) heifers were selected 
from a group of approximately 200 fattening 
heifers on the basis of having a large, well- 
formed corpus luteum with a definite ovula- 
tion papilla. On this basis the heifers were 
estimated to be in mid-cycle. They were 
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allotted at random to 13 experimental groups. 
One group received no injection (control) 
while the remaining groups were injected with 
various dosages of estradiol valerate, estrone 
or a natural estrogenic product’ (table 1). 
A single injection was given intramuscularly 
in corn oil. Heifers were checked for estrus 
twice daily for 10 days after injection by 
exposing them to bulls with pigmented grease 
on the brisket. “Grease marks” were used as 
an indication of estrus. Reproductive organs 
of the heifers were examined, per rectum, 3 
days after injection and 1 week after injec- 
tion. Position and size of the corpus luteum 
and follicles were noted and recorded at each 
examination. 

Trial 2, Twelve 2-year-old Hereford heifers 
were used in this trial. These heifers had all 
been injected previously with various forms 
of estrogen but all exhibited an estrous cycle 
of normal length (17 to 24 days) immediately 
prior to the cycle in which they were treated. 
Heifers were injected intramuscularly, with 
5, 3 or 1 mg. of estradiol valerate in oil on 
the 8th day of the estrous cycle (the first 
day of heat was day 1). Reproductive organs 
were checked by rectal palpation every other 
day until the corpus luteum regressed. Rectal 
examinations were made 7 to 8 days after 
estrus to determine if a new corpus luteum 
had developed. Heifers were checked for 
estrus by exposing them continuously to a 
painted, sterilized bull. 

Trial 3. Ninety 18-month-old Hereford 
heifers being fattened in the feedlot were 
used in this trial. A heifer was assigned to 
the experiment after exhibiting an estrous 
cycle of 17 to 24 days in length and was 
allotted at random into one of 9 experimental 
groups. The experimental design is shown in 
table 2. 

Checks for estrus were made twice daily by 





7 Natural estrogenic product was 959% estrone and contained 
10,000,000 I.U. per gram. 
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TABLE 1. EFFECT OF DIFFERENT LEVELS OF ESTRADIOL VALERATE, ESTRONE AND A 






NATURAL ESTROGENIC PRODUCT ON THE COREUS nilarcues AND ESTRUS 


‘Mai heifers showing re regression 
of corpus luteum: 





No. heifers showing estrus: ” 











By 3 days 


Treatment No. heifers 


after injection 


By 7 days 
after injection 


By 7 days 
after injection 


By 3 days 
after injection 





Estradiol valerate 
50 mg. 
25 mg. 
20 mg. 
10 mg. 


PSH 
m DM Dd db 


Estrone 
100 mg. 
50 mg. 
25 mg. 
20 mg. 
10 mg. 


+p ph Hh 
ooonNrfe 


Natural estrogenic 
product * 
25 mg. 
20 mg. 
10 mg. 


Coon 


3 
3 
3 
Not injected 9 0 








* Natural “estrogenic “product was 95% estrone and 
> All heifers showed regression of the corpus luteum. 


observing the heifers for at least 1 hour after 
sterilized bulls were introduced into the feed- 
lot. A heifer was considered in estrus when 
she would stand to be mounted by a bull or 
another heifer. Heifers were hand-mated to 
fertile bulls. 

An examination of reproductive organs, per 
rectum, was made at the time of injection and 
thereafter every other day until the corpus 
luteum regressed. Additional examinations 
were made after estrus to determine if a new 
corpus luteum formed. 





3 2 3 
3 2 3 
4 2 4 
3 1 3 
3 0 1 
3 2 3 
2 0 2 
1 0 0 
1 0 1 
2 1 1 
0 0 0 
1 0 0 
1 0 1 
contained 10,000,000 I.U. per gram. 
Results 


Trial 1. The corpora lutea had regressed by 
7 days after injection (size decreased to 10 
or 12 mm.) in over. one-half of the heifers 
injected with estradiol valerate; 100, 50 or 
25 mg. of estrone; and 25 mg. of natural 
estrogenic product. Estrus was shown by 
heifers in which the corpus luteum regressed 
at approximately the same time as regression 
occurred (table 1). 

Heifers were slaughtered 22 days after in- 
jection and reproductive organs examined. 


TABLE 2. EXPERIMENTAL DESIGN FOR TRIAL III 








hes of estrous cycle injections started 








Days after Days after Days after 
Group Early * ist injection Mid” 1st injection Late* 1st injection 
2 4 2 4 2 4 
I E* 
II E 
Ill E 
IV E FSH°* 
Vv E FSH 
VI E FSH 
VII E FSH LH‘ 
VIII E FSH LH 
IX E FSH LH 





* Early=3rd or 4th day of the estrous cycle (day of estrus was day 1). 


» Middle=8th or 9th day of the estrous cycle. 
© Late=15th or 16th day of the estrous cycle. 
4 E=estradiol valerate; 


single intramuscular injection of 5 m 


¢ FSH=Single intramuscular injection of 50 mg. (Armour’s FSi -P). 


f LH=Single intravenous injection of 25 mg. (Armour’s P-LH 




















Heifers which received no injection, those 
injected with 10, 20, 25 or 50 mg. of estrone 
and those injected with natural estrogenic 
product showed evidence of luteal activity, 
ie., either had an active corpus luteum pres- 
ent in the ovaries, had recently ovulated or 
had a corpus luteum which was regressing. 
Evidence of luteal activity was also found in 
2 heifers receiving estradiol valerate. The 
remainder of the heifers injected with estra- 
diol valerate and heifers injected with 100 
mg. of estrone either had ovaries which were 
inactive (little or no follicular development) 
or had large follicles (20 mm. or more). 

It would appear from these data that 25 
to 100 mg. of estrone, 10 to 50 mg. of estra- 
diol valerate and 25 mg. of natural estrogenic 
product are effective in causing regression of 
the corpus luteum. Also, formation of new 
corpora lutea following the induced estrus 
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gonadotrophins. This was done in an attempt 
to induce estrus and ovulation more consist- 
ently. 

Twenty-seven of the 30 heifers injected 
with estradiol valerate on 3rd or 4th day of 
the estrous cycle (Groups I, IV and VII) 
exhibited estrus the day after injection. No 
corpora lutea were palpated on the ovaries 
of these heifers at the time of injection. A 
large corpus luteum, however, was palpated 
on the ovaries of all heifers 2 to 4 days after 
injections. It is believed that this was the 
corpus luteum forming from the heat 2 to 3 
days prior to injection. No additional corpora 
lutea were palpated. It is thought, therefore, 
that these estrous periods occurring the day 
after injection were non-ovulatory. Estrous 
periods exhibited the day after injection have 
not been considered in the discussion that 
follows concerning heifers which returned to 


TABLE 3. EFFECT OF LOW LEVELS OF ESTRADIOL VALERATE ON CORPUS LUTEUM 
REGRESSION, ESTRUS, AND OVULATION 











Range in days No. heifers 
No. heifers from injection to which formed 
in which corpus regression of the No. heifers new corpus 
Dosage No. heifers luteum regressed * corpus luteum showing estrus * luteum” 
5 mg. 5 4 2-8 2 1 
3 mg. aa 1 8 0 . 
1 mg. 3 0 ay 0 





® Before 17th day of the estrual cycle (day of estrus was day 1). 


b After regression of corpus luteum and/or estrus. 


was inhibited in the groups receiving estradiol 
valerate and 100 mg. of estrone. 

Trial 2. This trial was designed to deter- 
mine the effects of 5, 3 and 1 mg. of estradiol 
valerate on regression of the corpus luteum. 
Five milligrams of estradiol valerate admin- 
istered on the 8th day of the estrous cycle 
caused regression of the corpus luteum be- 
fore the 17th day of the estrous cycle in 
4 of 5 heifers treated (table 3). Estrus and 
ovulation, however, did not necessarily follow 
regression of the corpus luteum; only 2 heifers 
showed estrus and 1 of these ovulated. The 
3 mg. and 1 mg. levels were relatively ineffec- 
tive; corpus luteum regression was observed 
in only 1 of 4 heifers receiving 3 mg. and 
in none receiving 1 mg. 

Trial 3. This trial was designed to deter- 
mine the effect of injecting 5 mg. of estradiol 
valerate at 3 stages of the estrous cycle on 
regression of the corpus luteum, occurrence 
of estrus, ovulation and fertility. Injection of 
estradiol valerate was followed in some in- 
stances with an injection or injections of 





heat prior to the 17th day of the estrous cycle. 

Results obtained from injection of estradiol 
valerate varied according to the stage of 
estrous cycle at which the injection was made. 
Results obtained from injections either early 
in the estrous cycle (Group I) or in mid-cycle 
(Group II) were generally similar. Early re- 
gression of the corpus luteum was observed 
in 80% of heifers injected early in the cycle 
and in 90% of those injected in mid-cycle. 
The estrous cycle was shortened and a corpus 
luteum formed following the estrous period in 
6 heifers injected early and in 8 injected in 
mid-cycle (estrus in 1 other) (table 4). Noné, 
however, became pregnant when bred at this 
induced estrus. The estrous cycle was un- 
altered (estrus between the 17th and 24th 
day after the last estrous period) in 4 heifers 
injected with estradiol valerate early in the 
estrous cycle and in 1 injected in mid-cycle. 

Cystic ovaries (one or more follicles at 
least 20 mm. in size, which persisted for at 
least 1 week in the absence of a corpus 
luteum) were produced in 7 of the 10 heifers 
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injected with estradiol valerate late in the 
cycle (Group III). In general, these heifers 
either showed almost continuous estrus or 
anestrus. Follicular cysts persisted for at least 
a month. One of these cysts contained luteal 
tissue when examined at slaughter approx- 
imately two months after injection. The other 
“cystic” heifers, however, had cysts which 
contained no observable luteal tissue at 
slaughter. The estrous cycle following the 
injected cycle was short (3, 10 and 15 days) 
in the 3 heifers which did not have cystic 
ovaries in Group III. 

Early regression of the corpus luteum did 
not occur as consistently in heifers receiving 
estradiol valerate followed in 2 days by FSH 
as it did in those heifers receiving estradiol 
valerate alone. Early regression of the corpus 
luteum was induced in 60% of the heifers 
injected the 3rd or 4th day of the cycle 
(Group IV) and in 50% of the heifers in- 
jected in mid-cycle (Group V) (table 4). 
Time from injection to regression of the 
corpus luteum, however, appeared to be less 
variable in heifers receiving estradiol valerate 
followed by FSH than in those receiving 
estradiol valerate alone. The estrous cycle 
was shortened in only 9 heifers receiving 
estradiol valerate and FSH, and 21 showed 
unaltered cycles. Mating at the ‘induced 
estrus resulted in one pregnant heifer. Three 
heifers receiving injections of estradiol val- 
erate and FSH in late cycle showed cystic 
ovaries and 1 heifer injected early had cystic 
ovaries. 

Heifers which were injected with estradiol 
valerate, followed by FSH in 2 days and then 
with LH in 2 more days, showed very little 
disturbance of the estrous cycle. The estrous 
cycle was unaltered in all of the 30 heifers on 
this treatment and only 3 heifers developed 
cystic ovaries (table 4). The corpus luteum 
regressed in 1 heifer before the 17th day of 
the cycle. This heifer did not show estrus, 
however, until after the 17th day of the 
estrous cycle. 


Discussion 


Early regression of the corpus luteum fol- 
lowing injection of estrone, estradiol valerate 
and a natural estrogenic product agrees with 
the results obtained in cattle by Greenstein 
et al, (1958) and Loy et al. (1960) when 
estradiol was injected. It is different, how- 
ever, from the results obtained in cattle by 
Kidder (1954) when diethylstilbestrol was 
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injected. The effect on the estrous cycle may, 
therefore, depend somewhat on the type of 
estrogen injected. 

Injection of estrogens in rats (Hohlweg, 
1934; Desclin, 1935; Selye e¢ al., 1935; 
Wolfe, 1935; Merckel and Nelson, 1940) and 
rabbits (Allen and Heckel, 1935; Heckel and 
Allen, 1939) tends to maintain the corpus 
luteum. In swine, injections of diethylstil- 
bestrol gave somewhat variable results ac- 
cording to the stage of estrous cycle at which 
it was injected (Kidder et al., 1955). Little 
or no evidence was presented, however, that 
diethylstilbestrol caused early regression of 
the corpus luteum at any stage of the cycle 
in the sow. 

How estrogens cause early regression of 
the corpus luteum is not known. The action 
could be directly on the corpus luteum or 
through an intermediary organ or organs. It 
has been shown that estrogen acts on the 
pituitary to inhibit the supply of gonado- 
trophin (Meyer and Hertz, 1937). Other 
workers have shown that the action of estro- 
gen is to decrease release of FSH and increase 
release of LH (Desclin, 1935; Hisaw e¢ al., 
1934; Hohlweg, 1934; Selye et al., 1935). 
Loy et al. (1960) postulated that the action 
of estrogens released the LH stored in the 
pituitary causing an inadequate supply of 
LH after the initial release. It would appear, 
then, that regression of the corpus luteum 
was induced following the treatment with 
estrogen due to a lack of LH. The fact that 
no early regression of the corpus luteum was 
noted when estrogen injection was followed 
by injection of FSH and LH tends to sub- 
stantiate this theory. 

It has been demonstrated in other species 
that the corpus luteum can be maintained by 
injection of gonadotrophic hormones. Hisaw 
(1944) injected chorionic gonadotrophins 
into monkeys and was able to maintain the 
corpus luteum past the normal time of re- 
gression. He could not, however, maintain the 
corpus luteum indefinitely. Katzman ef al. 
(1931) were able to prolong gestation in rats 
with injection of pregnancy urine. The results 
obtained here also show that maintenance of 
the corpus luteum might be achieved with 
gonadotrophins. Whether the results obtained 
by gonadotrophic injections were the result 
of FSH or LH, per se, or some contaminant 
is unknown. 

The high incidence of cystic ovaries result- 
ing from injection of estrogen on the 15th 
or 16th day of the estrous cycle could be the 
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result of a lack of LH coupled with increased 
follicular development. Release of stored LH 
by estrogen as postulated by Loy et al. (1960) 
may have caused a shortage of LH at approx- 
imately the time when follicular development 
has reached its height. Thus, the incidence of 
cystic ovaries was decreased in heifers re- 
ceiving gonadotrophins. Injection of gonado- 
trophin or gonadotrophins at this late stage 
of the estrous cycle could have supplied 
enough gonadotrophin to help stabilize the 
ovarian picture. The incidence of cystic 
ovaries was low in heifers receiving estrogen 
either early in the estrous cycle or in mid- 
cycle. Progesterone present at this period of 
the cycle could have helped decrease the 
incidence of cystic ovaries by retaining some 
LH in the pituitary or the pituitary may have 
resumed its function by the time follicular 
development had reached its height. 


Summary 


The results of 3 trials in which various 
forms and levels of estrogen were injected 
into cycling beef heifers are reported. Single 
injections of 50, 25, 20, 10 and 5 mg. of 
estradiol valerate; of 100, 50, and 25 mg. 
of estrone; or of 25 mg. of a natural estrogenic 
product caused early regression of the corpus 
luteum in more than 50% of the heifers in- 
jected. Estrus and ovulation were not con- 
sistent following this early regression of the 
corpus luteum. Matings at the induced estrus 
resulted in one diagnosed pregnancy. Early 
regression of the corpus luteum was not noted 
with smailer doses of the above estrogens. No 
early regression of the corpus luteum was 
noted when an injection of 5 mg. of estradiol 
valerate was followed in 2 days with an in- 
jection of FSH and then in ? more days with 
an injection of LH. 

Injection of estradiol valerate on the 15th 
or 16th day of the estrous cycle caused cystic 
ovaries in 7 out of 10 heifers. Injection of 
gonadotrophins 2 and 4 days after injection 
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of the estrogen decreased the incidence of 
cystic ovaries. 
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A FURTHER STUDY OF THE INFLUENCE OF LEVEL OF 


ENERGY INTAKE AND SEASON ON REPRODUCTIVE 
PERFORMANCE OF GILTS 


A. M. SorENSEN, Jr., W. B. THomas,! aNp J. W. Gossett ? 
Texas Agricultural Experiment Station, College Station 


ig ighnpiccainie reports have been presented 
in recent years concerning various levels 
of energy as they affect reproduction in swine. 
Most of the reports have dealt with restricted 
feeding versus full feeding. This paper is a 
presentation of further research following a 
previous investigation by Gossett and Soren- 
sen (1959) to determine the effects of energy 
and season on reproduction when energy is 
controlled by increased fiber content of the 
ration. 

Full feeding generally leads to a greater 
number of ovulations but also to a higher 
percent mortality (Haines e¢ al., 1959; Self 
et al., 1955; Fowler, 1954; Christian and 
Nofziger, 1952; and Robertson e¢ al., 1951b). 
Limited feeding in most of these experiments 
could have led to levels of nutrition below the 
minimum needed for normal reproduction. 
Haines e¢ al. (1959) limit-fed a definite TDN 
content but doubled the other nutrients to 
maintain a nearly constant nutrient supply 
except for energy. 

Gossett and Sorensen (1959), Self e¢ al. 
(1955) and Christian and Nofziger (1952) 
all found puberty to be delayed by full feed- 
ing or high energy intake, while Burger 
(1952), Zimmerman et al. (1960), Haines 
et al. (1959) and Robertson et al. (1951b) 
found that restricted feeding delayed puberty. 

Conflicting reports exist concerning the 
effect of season of birth on age at puberty 
and subsequent reproductive activity. Robert- 
son e¢ al. (i1951a) and Wiggins e¢ al. (1950) 
reported that gilts which were born late in 
the farrowing season tended to reach puberty 
at an earlier age than those born in the ear- 
lier part. In other words, spring-farrowed 
gilts attained puberty later than did fall- 
farrowed gilts. Warnick et al. (1951) found 
just the reverse and Wise and Robertson 
(1953) and Self et al. (1955) found no sig- 
nificant relationship between the farrowing 
season and age at puberty. Zimmerman et al. 
(1960) found that spring-farrowed Chester 
White gilts reached puberty earlier than fall- 


1 Rio Farms, Inc., Edcouch, Texas. 
2 Department of Animal Husbandry, Virginia Polytechnic 
Institute, Blacksburg, Virginia. 
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farrowed gilts and fall-farrowed Poland China 
gilts reached puberty earlier than spring-far- 
rowed gilts. 


Experimental Procedure 


Ninety-eight gilts of Duroc, Hampshire 
and Poland China breeding were divided on 
the basis of weight, breed and litter among 
four groups for testing. Groups 1 and 3 were 
spring-farrowed gilts (April and May), and 
Groups 2 and 4 were fall-farrowed gilts (Sep- 
tember and October). Average weights for the 
gilts at the beginning of the studies were 41, 
46, 57 and 46 pounds for Groups 1, 2, 3, and 
4 respectively. Groups 1 and 2 provided data 
in 1956 and Groups 3 and 4 in 1958. 

Two rations were formulated, one to rep- 
resent high and the other low energy (table 
1). The high energy ration contained 93 
therms of calculated productive energy and 
the low energy ration contained 53 therms 
of calculated productive energy per 100 Ib. 
of feed (Fraps, 1946). All gilts were fed, 
ad libitum, from metal self-feeders. Good oat 
pastures of equal size, self feeders, waterers 
and management were the same for all four 
groups. 

The gilts were checked for estrus by the 
use of a vasectomized boar beginning when 
the gilts were approximately 120 days of age. 
Prior to this time the gilts were observed 


TABLE 1. RATIONS IN STUDIES 1, 2, 3, AND 4 














Ingredient Ration1 Ration 2 
Ib. Ib. 
Milo 56.0 20.0 
Peanut hulls 00.0 30.0 
Shorts (wheat gray) 15.0 15.0 
Oats 15.0 15.0 
Alfalfa leaf meal 4.0 4.0 
Meat scraps 4.0 7.0 
Soybean oil meal 4.0 7.0 
Mineral* 2.0 2.0 
Total 100.0 100.0 
Calculated therms of 
productive energy 93.1 55.3 





gc ree composed of 1.5 lb. bone meal and 0.5 lb. 
salt. 





SORENSEN, THOMAS AND GOSSETT 


TABLE 2. AVERAGE AGE AND WEIGHT AT PUBERTY 




































High energy Low energy 
Feeding level and groups 1 2 3 4 Total 1 2 3 4 Total 
No. of gilts 12 13 12 12 49 12 13 12 12 49 
Av. age, days 227 203 193 210 208 206 208 207 220 210 
Av. wt., Ib. 205 170 184 190 187 165 155 165 157 161 





daily for swelling and vascularity of the vulva 
as signs of estrus. The vasectomized boar was 
turned into the pen with the gilts daily for 
observations. The gilts were bred on the first 
and second days of the second estrous period. 
Double mating of all gilts possible was car- 
ried out. This was for the purpose of fertiliz- 
ing as many ova as possible. In some instances 
during the hot summer months a gilt would 
remain in estrus for one day only and was 
bred just once. Two different Hampshire 
boars were utilized in each instance of double 
mating. 

The gilts were slaughtered in the Depart- 
ment abattoir 40 days after breeding. The 
uteri were removed and the embryos examined 
within 30 minutes of the time of slaughter. 
Only those embryos appearing normal in size 
and shape were used in calculating embryo 
survival. Corpora lutea were counted and the 
survival rate determined by dividing the num- 
ber of embryos by the number of corpora 
lutea. 

The data were analysed statistically to de- 
termine if there was evidence of effects of 
energy intake and season on age at puberty, 
weight at puberty, ovulation rate, number of 
normal embryos and percent normal embryos. 
Raw data were used and “gross correlations” 
as well as “within-treatment group” coeffi- 
cients calculated. 



























Results and Discussion 


Age at Puberty. Gilts fed the high energy 
ration reached puberty two days earlier than 
those fed the low energy ration (208 vs. 210 
days, table 2). Spring-farrowed gilts were 
two days older at puberty than fall-farrowed 


gilts (210 vs. 208 days, table 3). These dif- 
ferences were not significant. Self e¢ al. (1955) 
and Christian and Nofziger (1952) found 
puberty to be delayed by fuli feeding. Burger 
(1952) and Robertson ef al. (1951b) found 
that full feeding advanced puberty. Gilts fed 
the high energy ration the first year reached 
puberty eight days later than those fed a low 
energy ration (215 vs. 207 days). This dif- 
ference was non-significant. In the second 
year the reverse was true (202 vs. 214 days) 
for a 12-day difference. This difference was 
highly significant (P<0.01). There was con- 
siderably more pasture available in the sec- 
ond year and this is the only known factor 
that could have been responsible for the 
difference. 

Weight at Puberty. Gilts receiving the high 
energy ration averaged 26 pounds more at 
puberty than those fed the low energy ration 
(187 vs. 161 pounds, P<0.01). The fall- 
farrowed gilts averaged 12 pounds more than 
the spring-farrowed (180 vs. 168 pounds, 
P<0.01, table 3). 

Ovulation Rate. Gilts on the high energy 
ration ovulated an average of 1.3 more ova 
than those on the low energy ration (12.3 vs. 
11.0 ova, P<0.01). Fall-farrowed gilts aver- 
aged 1.3 more ovulations than the spring- 
farrowed (12.3 vs. 11.0, P<0.01, table 3). 
The ovulation rate was negatively correlated 
with the percent live embryos found 40 days 
after breeding when all animals were con- 
sidered. 

Increased ovulation rate exhibited by the 
gilts on the high level of energy corresponds 
to previous results of Self et al. (1955) and 
Zimmerman et al. (1957) where they showed 


TABLE 3. SEASONAL EFFECTS UPON REPRODUCTIVE PERFORMANCE OF GILTS 





















Age Wt. No. of No. of Percent 
No. gilts at puberty at puberty ovulations normalembryos _ survival 
days lb. 
Fall-farrowed 48 208 180 12.3 8.2 67.1 
Spring-farrowed ee 210 168 11.0 6.8 62.2 
Difference ys 2 12 1.3° 14°" 4.9 









* P<0.05. 
** P<0.01. 
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TABLE 4. AVERAGE NUMBER OF OVULATIONS, NUMBER OF NORMAL EMBRYOS, AND 
PERCENT SURVIVAL IN GILTS SACRIFICED 40 DAYS AFTER BREEDING 

















High energy Low energy 
Feeding level and groups 1 2 3 4 Total 1 2 3 4 Total 
No. of gilts 12 13 12 12 49 12 13 12 12 49 
No. of ovulations 1333° 28.8 Te Are as 13.2 9.9: 30.3: 104: 3.8 
No. of embryos 7.6 6.5 ee 6.8 7.0 9.8 7.0 8.1 6.8 7.9 
Percent survival SF ke SSS See STG BE 14.2. 90.9: 78.6 268.4 TES 





that the gilts that made the more rapid gains 
also had the higher ovulation rates. 

Number of Live Embryos. No significant 
difference in number of live embryos was 
evidenced by the two feeding levels (7.0 for 
high vs. 7.9 embryos for low, table 4). Fall- 
farrowed gilts averaged 1.4 more embryos 
than spring-farrowed gilts (8.2 vs. 6.8 em- 
bryos, P<0.01, table 3). 

Percent Live Embryos. Percent live em- 
bryos was determined 40 days following breed- 
ing. The gilts fed the low energy ration had 
14.9 percent more embryos at 40 days (71.8 
vs. 56.9 percent, P<0.01). Fall-farrowed 
gilts had 4.9 percent more embryos than 
spring-farrowed gilts (67.1 vs. 62.2, non- 
significant). 


Summary and Conclusions 


The results of these studies appear to jus- 
tify the following conclusions: 

1. The gilts receiving a low level of energy 
intake reach puberty at approximately the 
same age as those receiving a high level of 
energy intake. 

2. Gilts weigh more at puberty when fed 
a high energy feed than when fed a low en- 
ergy feed. It may also be concluded that 


spring-farrowed gilts weigh more at puberty 


than do fall-farrowed gilts. 

3. When a high level of energy is fed, gilts 
tend to shed more ova, although a greater 
percent of the corpora lutea are represented 
by live embryos at 40 days when gilts are fed 
a low level of energy. Ovulation rate also 
tends to be higher in fall-farrowed gilts than 
in spring-farrowed gilts. 

4. There was no significant difference in 
the number of live embryos found at 40 days 
between the two treatments of high and low 
energy. It may be concluded, however, that 
more embryos were found in fall-farrowed 
gilts than in spring-farrowed gilts. 

5. The percent of corpora lutea represented 
by embryos is significantly increased in the 
animals fed a low level of energy. Season does 


not seem to affect the percent embryonic 
survival. 


Literature Cited 


Burger, J. F. 1952. Sex physiology of pigs. Onderste- 
poort J. Vet. Res. Supplement No. 2, p. 41. 

Christian, R. E. and J. C. Nofziger. 1952. Puberty 
and other reproductive phenomena in gilts as af- 
fected by plane of nutrition. J. Animal Sci. 11:789 
(Abstr.). 

Fowler, S. H. 1954. A study of some factors affecting 
reproductive performance in gilts. Ph.D. Thesis, 
A. and M. College of Texas. 

Fraps, G. S. 1946. Composition and productive energy 
of poultry feeds and rations. Tex. Agr. Exp. Sta. 
Bul. 678. 

Gossett, J. W. and A. M. Sorensen, Jr. 1959. The 
effects of two levels of energy and seasons on re- 
productive phenomena of gilts. J. Animal Sci. 
18:40. 

Haines, C. E., A. C. Warnick and H. D. Wallace. 1959. 
The effect of two levels of energy intake on re- 
productive phenomena in Duroc Jersey gilts. J. 
Animal Sci. 18:347. 

Robertson, G. L., R. H. Grummer, L. E. Casida and 
A. B. Chapman. 1951a. Age of puberty and related 
phenomena in outbred Chester White and Poland 
China gilts. J. Animal Sci. 10:647. 

Robertson, G. L., L. E. Casida, R. H. Grummer and 
A. B. Chapman. 1951b. Some feeding and manage- 
ment factors affecting age at puberty and related 
phenomena in Chester White and Poland China 
gilts. J. Animal Sci. 10:841. 

Self, H. L., R. H. Grummer and L. E. Casida. 1955. 
The effects of various sequences of full and limited 
feeding on the reproductive phenomena in Chester 
White and Poland China gilts. J. Animal Sci. 
14:573. 

Warnick, A. C., E. L. Wiggins, L. E. Casida, R. H. 
Grummer and A. B. Chapman. 1951. Variation in 
ing phenomena in inbred gilts. J. Animal Sci. 
10:479. 

Wiggins, E. L., L. E. Casida and R. H. Grummer. 
1950. The effect of season of birth on sexual de- 
velopment in gilts. J. Animal Sci. 9:277. 

Wise, F. S. and G. L. Robertson. 1953. Some effects 
of sexual age on reproductive performance in 
gilts. J. Animal Sci. 12:957 (Abstr.). 

Zimmerman, D. R., H. L. Self and L. E. Casida. 1957. 
The effect of flushing for various lengths of time 
on the ovulation rate of Chester White and Chester 
oe aa China crossbred gilts. J. Animal Sci. 
16:1099. 

Zimmerman, D. R., H. G. Spies, E. M. Rigor, H. L. 

Self and L. E. Casida. 1960. Effect of restricted 

feeding, crossbreeding, and season of birth on age 

at puberty in swine. J. Animal Sci. 19:687. 








EFFECT OF ANTIBIOTICS AND VARIOUS OTHER FEED 
ADDITIVES ON GROWTH OF YOUNG 


DAIRY CALVES * 


J. M. Winc anp C. J. Witcox ? 
University of Florida, Gainesville 


ARIOUS antibiotics have aided growth 

and general health in dairy calves accord- 
ing to a literature review by Lassiter (1955). 
Of the antibiotics studied, oxytetracycline and 
chlortetracycline were most consistent in pro- 
ducing a positive response. Though strepto- 
mycin has been less consistent as a growth 
promoter, Hogue et al. (1954), Bartley e¢ al. 
(1955) and Rusoff et al. (1957) observed a 
growth response from this antibiotic with 
young calves. 

Generally, though not always, benefits from 
feed additives have been observed under con- 
ditions which caused relatively slow growth 
in control animals. The present work was 
undertaken to study the effects of various 
feed additives on body weight and height at 
withers, feed consumption, and general health 
of healthy calves which were fed colostrum 
up to and including three weeks of age. 


Experimental Procedures 


One hundred sixty-four calves were as- 
signed to various dietary groups over a period 
of 2 years. Assignment of calves to each 
experiment was completed within 3 weeks. 
Each experiment was completed before the 
next was begun. Uniformity of calves between 
experiments was not attempted; within each 
experiment, however, the groups were bal- 
anced with respect to breed, sex, and weight. 
Guernsey, Jersey, and Holstein breeds were 
used. 

Each calf was confined to an individual 
pen at birth, allocated to its dietary group 
at four days of age and observed through 
the 60th day. 

The calves were housed in a concrete barn 
with sloping concrete floors which were bedded 
with wood shavings. The basal diet consisted 
of pure colostrum through 4 days, a mixture 
of one-half colostrum and one-half skim milk 
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through twenty-one days, and skim milk * 
through sixty days of age. 

Various combinations of additives were 
dispersed in the milk in the following amounts 
per 100 Ib. of body weight daily: streptomy- 
cin, oleandomycin, para amino salicylic acid 
(PAS), isoniazid, 8-hydroxy quinoline or cop- 
per citrate, 90 mg.; oxytetracycline, 45 mg.; 
guanine and/or methionine 220 mg. Chopped 
pangolagrass hay and dry mixed concentrate 4 
were supplied free choice. 

All hay and concentrates remaining in the 
feeders were replaced daily with a fresh offer- 
ing; amounts consumed were recorded. At 
the same time each calf was examined care- 
fully for evidence of abnormalities. Weekly 
records were maintained on body weights and 
heights at withers. 


Results and Discussion 


No scouring or other abnormalities were 
observed in any of the calves. All animals 
remained thrifty as indicated by glossy hair 
coats, clear eyes, alertness, and good appetites. 
Controls gained 132% of the expected amount 
as calculated from the Ragsdale (1934) 
standard, indicating that conditions were par- 
ticularly favorable for growth. 

Results of the five separate experiments 
involving nine feed additives alone and in 
various combinations are summarized in table 
1. Gains in body weight and height at withers, 
with treatment effects expressed as a percent- 
age of the control, are presented with con- 
sumption rates of colostrum, skim milk, hay, 
and concentrates. 

Although animals within each experiment 
were balanced as well as possible, small dif- 
ferences in initial body weights and heights 
existed among groups within each experiment. 
To avoid possible bias from these differences 





p Reseseticned at the rate of 1 Ib. of air dry solids per 
gallon 
ain weight in parts: ground snapped corn, 300; citrus 
200; ground oats, 125; wheat bran, 50; cottonseed meal 
ere protein), 100; common salt, 7; steamed bone meal, 14. 
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TABLE 1. EFFECTS OF VARIOUS FEED ADDITIVES ON GROWTH AND FEED CONSUMPTION 
OF YOUNG DAIRY CALVES DURING A 60-DAY EXPERIMENT 








Average feed consumption 








Experi- Number Weight Height Colos- Skim Concen- 
ment animals Treatment gains* Effect” gains* Effect” trum milk Hay trates 

Ib. % cm. % Ib. Ib. Ib. Ib. 

1 9 Control 63.9 100 9.5 100 127 405 10 79 
9 Streptomycin 66.4 104 9.9 103 115 370 16 61 

9 Streptomycin+PAS 68.3 107. 10.1 106 126 419 11 83 

9 Streptomycin-+-isoniazid 69.3 108 9.3 97 118 384 13 76 

2 8 Control 72.0 100 9.9 100 107 355 8 65 
8 Oleandomycin 69.6 97 9.9 100 112 356 6 65 

8 Oleandomycin+PAS 74.6 104 9.8 99 110 374 4 72 

8 Oleandomycin-+ isoniazid 74.4 103 10.6 107 107 368 13 55 

3 6 Control 52:1 100 9.0 100 97 301 7 52 
6 Oxytetracycline 55.8 107 8.8 98 94 303 14 52 

6 Oxytetracycline+ PAS OE 98 9.0 100 93 288 10 53 

6 Oxytetracycline+isoniazid 46.7 90 8.3 93 92 285 7 48 

4 8 Control 57.2 100 9.2 100 99 307 11 57 
8 8-hydroxy quinoline 54.3 95 8.2 90 100 314 20 52 

8 Copper citrate 48.0 84 8.5 93 92 294 15 48 

8 8-hydroxy quinoline+ 

copper citrate 50.1 88 8.5 93 97 304 13 54 

8 8-hydroxy quinoline+PAS 51.7 90 9.3 101 100 305 13 49 

5 8 Control 60.1 100 9.3 100 108 354 11 56 
8 Guanine 59.7 99 9.3 99 105 328 13 51 

8 Methionine 59.6 99 9.2 99 121 363 17 50 

8 Guanine+ methionine 66.1 110 9.4 101 109 352 11 76 





4 Groups adjusted for initial differences in weight or height within each experiment by covariance. 


» No significant treatment effects within any experiment. 


in weight or height, data were analyzed by 
covariance techniques. Treatment effects were 
tested for significance by use of Duncan’s 
(1955) multiple range test as modified for 
application to covariance analysis (Kramer, 
1957). 

Treatment effects were relatively small 
within each experiment and none of the dif- 
ferences in body weight gains were significant. 
The largest positive treatment effect (10%) 
occurred with guanine and methionine in 
experiment 5. The largest negative effect 
occurred with copper citrate in experiment 4 
(16%). This effect was not significant al- 
though it approached significance at the 5% 
level. Differences in height at withers were 
even smaller, with extremes ranging from 90% 
(8-hydroxy quinoline in experiment 4) to 
107% of control (oleandomycin plus isoniazid 
in experiment 2). None of these differences 
were significant. Only slight differences were 
noted in rates of consumption of feed. 

It was possible that growth factors in the 
colostrum masked the effects of the anti- 
biotics and other supplements. It seemed 
more likely, however, that good feed and 





management resulted in a state of health 
which eliminated the need for either addi- 
tional growth factors or low-level antibacterial 
agents. 


Summary 


One hundred sixty-four calves of the Hol- 
stein, Guernsey and Jersey breeds were used 
to study various additives in five experiments 
as follows: streptomycin alone and combined 
with para amino salicylic acid (PAS) or 
isoniazid; oleandomycin alone and with PAS 
or isoniazid; oxytetracycline alone and with 
PAS or isoniazid; 8-hydroxy quinoline alone 
and with copper citrate or PAS, and copper 
citrate alone; and guanine and methionine 
alone and in combination. 

Growth and health were favorable in all 
animals. Control calves gained an average of 
132% of the expected gains in body weight 
as compared with the Ragsdale standard. 
Under the favorable environmental conditions 
of the experiment, the feed additives studied 
would seem to have little merit. 
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QUALITY FACTORS OF BEEF AS AFFECTED BY DELAYED 
GROWTH DUE TO PROTEIN DEFICIENCY 


Marion SImong, F. D. Carroti, C. O. CHICHESTER AND J. R. WHITAKER ! 


University of California, Davis 


doing is a period in the life of beef cattle, 
when the young animal may suffer be- 
cause of insufficient feed, or feed which is 
deficient in protein. On the extensive breeding 
areas of this country, often such a period will 
occur between the weaning and yearling ages 
and may last for 3 to 6 months. After this 
period, in the early spring, the animal may 
have a lighter weight than at weaning which 
occurred months earlier. 

There are only a few reports as to how this 
stress condition, which interrupts rapid 
growth, affects the quality factors of the meat. 
Pfander (1955) found submaintenance win- 
tering rations fed to yearling steers had little 
or no effect on the organoleptic qualities of 
the finished beef. Winchester e¢ al. (1956, 
1957) found no evidence of an effect on meat 
quality by feeding low energy rations to 
calves 3-6 months old, nor by feeding a low 
protein ration to calves 6-12 months old. 

The present investigation was undertaken 
to determine the effects on beef quality of a 
stress condition of protein deficiency as it 
might occur in California during the hot, dry 
summer months. During August in California, 
young weaner calves lose weight on the 
annual plant-type of range forage. The energy 
content of this forage is adequate, but protein 


is low; thus, a supplement of protein fed at. 


this time reduces the weight loss. 


Experimental Procedures 


Management of Animals. Sixteen Hereford 
steers, all by the same sire, were obtained 
from the University of California range herd 
at weaning time and brought to Davis in June 
1958. They were fed alfalfa hay until August, 
then randomly separated into two groups and 
placed on experimental rations. The rations 
consisted of a mixture of barley straw (7 
parts) and sudan hay (3 parts) fed (ad 
libitum) to both groups. In addition, animals 
in group 1 received a protein supplement of 
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cotton seed meal, 1.6 lb. daily, during the 
154-day experimental period (August 12 to 
January 15). 

In January both groups of steers were 
placed together on a range when the forage 
became green and productive. After 3 months 
of grazing, when the lack of spring rains in 
late April resulted in matured and brown 
forage, the steers were separated into their 
respective groups in fattening pens and fed 
a high energy ration. 

After the fattening period, from late April 
through September, the steers were slaugh- 
tered; 2 animals from each group for each of 
4 weeks. Choice of animals to be slaughtered 
at any week was based on comparable live 
slaughter grade as determined by one of the 
experimenters. After cooling for 48 hours, the 
carcasses were evaluated for conformation, 
finish, quality and over-all composite grade 
by a Federal Grader.? Seven days after 
slaughter and aging at 34° F., the carcasses 
were cut by a commercial firm * under super- 
vision of the experimenters. 

Meat Cuts. On Monday of each of the 4 
weeks, the carcasses from each group were 
paired subjectively on the basis of comparable 
quality (finish and appearance). The follow- 
ing cuts were obtained from the right side of 
each carcass: 12th rib for composition and 
intra-muscular fat determinations; 9-10—11th 
rib and 4-inch-thick top round roasts for 
water content, sensory panel and cooking loss 
investigations; and, the sirloin tip for water 
content and visual and physical color meas- 
urements. The cuts were held at 34° F. until 
evaluated during the following 4 days. 

Testing Procedures. The 12th rib cuts were 
analyzed for bone, lean, and fat content by 
the physical separation procedure. Intra-mus- 
cular fat content of the longissimus dorsi 
muscle of the 12th rib was determined by the 
ether-extract method. On each of the 4 days 
after cutting, one set of paired top round or 


"9 Grading Service, U. S. Department of Agriculture. i 
8 Del Pero-Mondon Meat Company, Marysville, California. 
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rib roasts was evaluated. Prior to roasting, 
Y%-inch slices of adductor and semimem- 
branosus or longissimus dorsi muscles were 
removed for degree of hydration determina- 
tions on the basis of free, bound and total 
moisture. The procedure for this analysis, 
based on the theory of water-binding capac- 
ity of proteins, was developed by Grau and 
Hamm (1953) and further modified by 
Wierbicki and Deatherage (1958) for deter- 
mining relative changes in the water-holding 
properties of meats. 

The roasts were weighed and roasted at 
325° F. to an internal temperature of 175° F. 
in the semimembranosus muscle of the top 
round and 160° F. in the longissimus dorsi 
muscle of the rib cut. After cooling approxi- 
mately 30 min., evaporation, drip and total 
losses were determined. The adductor and 
semimembranosus or longissimus dorsi mus- 
cles were removed from their respective cuts 
and prepared for sensory evaluation. Four 
matched 14-inch slices of adductor and semi- 
membranosus muscles from top rounds of 
each group, or 4 matched %-inch slices from 
the 9-10 and 10-11 rib sections of longissi- 
mus dorsi muscles from each group were 
served in random order to each judge at each 
respective session. A panel of 8 to 10 judges, 
selected on the basis of consistent and dis- 
criminating ability to differentiate among var- 
ious quality levels of commercial beef, eval- 
uated the samples for tenderness, juiciness, 
and flavor. Each factor was scored on a 7- 
point scale, where 7 equals very high to 1 
equals very low quality level of the particu- 
lar attribute. Scoring was conducted in indi- 
vidual taste booths under red illumination to 
mask possible color variations. 

The rectus femoris muscles of each paired 
sirloin tip were prepared for visual and physi- 
cal color comparisons by the panel and 
Colormaster Differential Colormeter. Prior to 
preparation for color measurements, 1%-inch 
slices were removed for hydration deter- 
minations. Raw muscle was ground and 
formed into patties, 334 inches in diameter 
and 4 inch thick. The judges compared two 
paired sets for hue or redness differences and 
two different sets for lightness differences by 
designating the sample in each set which was 
redder or lighter, and then indicating whether 
the difference was slight, moderate, or large. 
Reflectance measurements were made on each 
sample evaluated by the panel; the period of 
time from preparation of the patties to the 
physical color measurements was approxi- 
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TABLE 1. CHARACTERISTICS OF LIVE 
ANIMALS AND WHOLE CARCASSES 








Group I, Group II, 


Characteristics control _ stress t 





Live animals: 
No. of animals 8 8 


Av. weaning age, days 226 228 0.20 
Av. weaning wt., lb. 503 496 0.26 
Av. wt. before stress, Ib. 557 560 0.04 
Av. wt. after stress, lb. 630 > aie Ba | i 
Av. wt. end of grass, Ib. 690 623 1.72 
Av. wt. end of fattening, lb. 1090 1045 1.02 
Av. age at slaughter, mo. 23 Way aban 
Carcasses: 

Av. wt., lb. 665 637. 0.97 
Yield, % 61 61 oN 
U.S.D.A. composite grades 

Choice (no. of animals) 5 5 

Good (no. of animals) 3 3 





* Significant at .05 probability level. 


mately 20 min. These color evaluations were 
made on the Tuesdays and Thursdays fol- 
lowing cutting in the same order sequence as 
the sets of paired round and rib roasts. Visual 
observations were conducted under standard 
I.C.I. daylight conditions. 


Results and Discussion 


Characteristics of the live animals and 
whole carcasses are summarized in table 1. 
Among these, the only significant difference 
between the two groups was the weight after 
the period in which group II underwent the 
protein deficiency. Subsequently this differ- 
ence disappeared. 

Results of the physical separation of the 
12th ribs and intra-muscular fat contents of 
the longissimus dorsi muscles located at the 
12th rib section are listed in table 2. The data 
illustrate a significantly lower intramuscular 
fat content in the stressed animals. This is 
in agreement with observations by Pfander 


TABLE 2. PHYSICAL AND CHEMICAL 
CHARACTERISTICS OF 12th RIB 








Group I, Group II, 





Characteristics control _ stress t 
Bone, % 9.9 10.4 0.9 
Lean, % 47.1 48.8 1.1 
Fat, % 42.9 40.8 1.4 
Intramuscular fat: 

Choice carcasses, % 6.2 4.5 

Good carcasses, % 4.4 3.9 

Combined 5.6 4.2 22° 





* Significant at .05 probability level. 
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TABLE 3. HYDRATION VALUES AND ANALYSIS OF VARIANCE 








Average hydration percentages 





Free moisture* 





Bound moisture” Total moisture 























Group I, Group II, Group I, Group II, GroupI, GroupII, 
Muscle control stress control stress control stress 
Adductor 39.1 39.4 47.1 46.5 73.5 at 
Semimembranosus 35.8 36.3 50.9 50.7 72.0 73.3 
Longissimus dorsi 29.8 31:7 59.4 57.3 73.4 73.9 
Rectus femoris 38.9 39.7 47.3 46.6 73.8 74.2 

Analysis of variance 
Mean squares 

Source of variation df Free moisture Bound moisture Total moisture 
Groups 1 10.1 $457 2.0 
Muscles 3 458.6* 1740.9*** 1900. 1* 
Groups x muscles 3 2.0 3.0 0.0 
Error 52 155.4 260.8 575.9 
Total Rate einaoae cea oneal Pa agra cae cata eo arn NCL cpa Bo ea ag 





* Significant at .05 probability level. 
*** Significant at .001 probability level. 
__ (total area—meat film area) X 61.80 





« Free moisture (%)= i 
isture (%) sample weight (mg.) 


(total area—meat film area) x 61.80 mg. sq. in. 100 





» 100—free moisture (%), where free moisture (%) = 


(1955); he reported a higher outside fat con- 
tent from animals which had undergone stress 
which was not apparent in the present study. 
Although the numbers are small in each grade 
there is a definite trend of higher intramuscu- 
lar fat content in the U.S.D.A. graded 
“Choice” carcasses than in those graded 
“Good.” 


TABLE 4. AVERAGE PANEL SCORES* FOR 


sample weight (mg.) X moisture (%) 


Evaluation of the top round cuts in the 
second week of the study was not undertaken. 
Thus, the data henceforth will include the 
testing of six pairs of adductor and semi- 
membranosus muscles and eight pairs each of 
longissimus dorsi and rectus femoris muscles. 

Analyses of the four muscles for free, 
bound, and total moisture revealed no sig- 


TENDERNESS, JUICINESS AND FLAVOR 




















Group and grade 
Control Stress 
Quality factor Muscle Choice Good Choice Good 
Tenderness Top round: 
Adductor 4.6 4.0 4.8 5.0 
Semimembranosus 5.0 3.6 4.9 5.1 
Rib: Longissimus dorsi: 
10-11 ribs 5.4 $1 333 5.1 
9-10 ribs oF 5.4 5.4 5.9 
Juiciness Top round: 
Adductor 2.8 3.4 2.8 2.8 
Semimembranosus 3.1 2.9 3.0 2.7 
Rib: Longissimus dorsi: 
10-11 ribs Se S32 S32 52 
9-10 ribs 4.9 4.7 4.8 5.1 
Flavor Top round: 
Adductor 4.3 4.9 4.2 4.6 
Semimembranosus 4.8 4.6 4.7 4.9 
Rib: Longissimus dorsi: 
10-11 ribs 5.6 be 5.6 5.7 
9-10 ribs Re S. a5 5.8 





4 7=very high to 1—very low in the particular attribute. 
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TABLE 5. ANALYSIS OF VARIANCE OF PANEL SCORES OF MUSCLES IN TOP ROUND 


AND RIB CUTS 








Mean squares 

















df Tenderness Juiciness Flavor 
Top Top Top Top 
Sources of variation round = Rib round Rib round Rib round Rib 
Group 1 1 0.46 0.009 0.09 0.036 0.00 0.008 
Grade 1 1 0.23 0.043 0.04 0.023 0.19 0.001 
Muscle or location 1 1 0.15 1.081** 0.15 1.357* 0.82* 0.004 
Group x grade 1 1 1.57* 0.310 0.03 0.257 0.01 0.421* 
Group x muscle or location 1 1 0.04 0.004 0.01 0.094 0.01 0.003 
Grade x muscle or location 1 1 0.13 0.200 0.19 0.026 0.14 0.000 
Error 17 25 0.23 0.120 0.16 0.215 0.12 0.074 
Total 23 31 viawe one sate ode ree 
* Significant at 05 probability level. eee 7 Sea a 
** Significant at .01 probability level. 
nificant differences resulting from stress of these variables on differences in panel 


treatment (table 3). As would be expected, 
there were significant differences in these hy- 
dration characteristics among the muscles. 


TABLE 6. COOKING LOSSES OF TOP ROUND 





AND RIB (AVERAGE PERCENT BY WEIGHT) 
Group 

Meat cut Type of loss Control Stress t 

Top round: Drip ge 4 6.1 5.7** 
Evaporation 31.4 32.2 3:3" 
Total 38.6 38.3 1.4 

Rib: Drip 12.0. '40.3 OTE, pata 
Evaporation 19.0 19.2 1.0 
Total 31.0 29.6 4.8** 





* Significant at .05 probability level. 
** Significant at .01 probability level. 
*** Significant at .001 probability level. 


The longissimus dorsi muscle had the lowest 
percent free and the highest bound moisture. 

Average panel scores assigned to tender- 
ness, juiciness and flavor factors with respect 
to group, muscle or location and grade, are 
summarized in table 4. The significant effect 


scores is illustrated by the analysis of vari- 
ance in table 5. There were no significant 
differences in panel responses produced by the 
stress treatment or variation in the U.S.D.A. 
federal grade. An interaction of these two 
variables, however, slightly affected tender- 
ness differences in the round muscles and 
flavor differences in longissimus dorsi muscle. 
The only variable singularly affecting the 
quality attributes was the location within the 
longissimus dorsi muscle and the muscle vari- 
ation in the top round cut. 

Cooking losses as affected by the treatment 
are listed in table 6. The cuts from the 
stressed group were lower in total cooking 
losses. The data indicate that this variance 
was largely due to the drip losses. 

One of the most obvious difference was in 
the color of meat from the two groups. Panel 
responses to the redness and lightness charac- 
teristics of the ground rectus femoris muscles 
of the two groups are summarized in table 7. 
It is apparent that the animals not stressed 
produced a redder, darker meat. The results 


TABLE 7. VISUAL AND PHYSICAL MEASUREMENTS OF COLOR 























Redness Lightness 
Visual: (150 judgments) Control Stress Control Stress 
No. Judgments indicating “more” si" 19 20 aor 
Av. difference * 2.3 1.4 
Physical: 
Y"% 6.39 6.71 6.26 6.98 
Dominant wave length 607.3 606.6 607.8 606.0 
Total color difference 4.9 §:2 





@ Visual color differences based on average of weighted responses: 1=slight, 2—moderate, 3=large. 


» Reflectance measurement for lightness. 


*** Significant at .001 probability level by chi square method of analysis. 
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of the physical measurement are in agreement 
with the visual observations in that the dif- 
ferences in the average percent reflectance 
values for lightness are consistent with the 
differences noted by the panel. The average 
total color differences, which include both 
lightness and chromaticity values, are also in 
accord with the visual observations. 
Correlation of the various physical meas- 
urements and panel sensory responses are 


TABLE 8. CORRELATION COEFFICIENTS 








A. Panel tenderness and juiciness with hydration fac- 
tors (N=40) 


%¥ree %Bound % Total 

moisture moisture moisture 
Tenderness score —.34° 0.64*** —.53 
Juiciness score —.33* 0.86*** —.19 


B. Panel juiciness with cooking losses (N=28) 


% Evap- 

oration % Drip 
Juiciness score —.97*** 0,637" 
C. Hydration factors with cooking losses (N=28) 

% Evap- 

oration % Drip 
% Free moisture 0.87*** ——.§1*** 
% Bound moisture —.90*** 0.83°"" 
% Total moisture —.24 0.13 


D. Panel color differences with physical color differ- 
ences (N=16) 


Redness_ Lightness 
AY* 0.34 0.53* 
Total color 0.54* 0.35 





® Difference in reflectance measurements for lightness. 
* Significant at .05 probability level. 
*** Significant at .001 probability level. 
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illustrated in table 8. Close relationships 
among juiciness scores, bound moisture and 
cooking losses are apparent. Panel responses 
to the redness differences in the meats from 
the two groups correlated somewhat with the 
total color and % Y differences, respectively. 


Summary 


Meat from steers that had undergone pro- 
tein deficiency during the period when growth 
ordinarily is rapid was compared with that 
from steers fed adequate protein (controls). 
No differences in meat tenderness, juiciness 
or flavor between the two groups were ob- 
served. Beef from the stressed animals was 
significantly lighter and not so red as that 
from the controls. Significant relationships 
among juiciness, cooking loss and free and 
bound moisture values were established. 
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EFFECT OF ARTIFICIAL LIGHT AND AMBIENT 
TEMPERATURE ON THE THYROID SECRE- 


TION RATE AND OTHER METABOLIC 
MEASURES IN SHEEP’? 


T. M. Hoerscu, E. P. REINEKE AND H. A. HENNEMAN 


Michigan State University, East Lansing 


ESEARCH (Henneman ef al., 1955; Pre- 

machandra et al., 1957; and Flamboe 
and Reineke, 1959) has indicated that thy- 
roid activity in several species varies with 
season. While the effect of increased tempera- 
ture as a thyroid suppressing agent has been 
fairly well elucidated (Dempsey and Astwood, 
1943; Hurst and Turner, 1948; and Blincoe 
and Brody, 1955), the literature is sparse and 
conflicting in regard to the effect of light on 
thyroid activity. 

The object of this study was to provide 
additional basic understanding of the effects 
of light and temperature on thyroid activity 
and the relation of this activity to traits of 
economic importance. 


Experimental Procedure 


Ewe lambs showing a preponderance of 
mutton breeding were evenly divided into two 
environmental chambers. One chamber was 
maintained at 50° F. by refrigeration while 
the other was heated to 90° F. Light was reg- 
ulated by electric time switches in both rooms. 
Four 300 watt bulbs were suspended 8 feet 
from the floor in the cold chamber and 6 
bulbs of the same wattage hung 16 feet above 
the floor in the hot chamber. 

Light treatments consisted of 4, 8, 12, 16, 
20 and 24 hours of artificial illumination. 
Each light treatment was equally divided into 
two temperature groups, 50° and 90° F., and 
ewes were never exposed to natural daylight 
while on experiment. With the exception of 
the continuous light treatment the lights went 
on twice a day for equal time periods in order 
to feed, water and obtain data on the sheep. 

Animals were individually penned in order 
to measure each ewe’s feed consumption. All 
sheep were fed, ad libitum, a pelleted mixture 

1The data reported herein are taken from a thesis presented 
by the senior author to the School for Advanced Graduate 


Studies, Michigan State University, in partial fulfillment of 
the Ph.D. degree in Animal Husbandry. Published with the 


approval of the Director of the Michigan Agricultural Experi- 
ment Station as Journal Article Number 2705. 
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consisting of four parts sun-cured alfalfa meal 
and one part ground yellow corn by weight. 
Dicalcium phosphate, trace mineral salt, vita- 
mins A and D, and aureomycin were likewise 
incorporated into this pellet. Also, free choice 
iodized salt was available to insure adequate 
iodine intake. 

Water was available at all times for the 
ewes in the hot chamber. Condensation oc- 
curred on the refrigeration coils when water 
was left continuously in the cold chamber and 
this made accurate temperature regulation im- 
possible. To alleviate this problem water was 
offered only twice a day for periods of an 
hour to the sheep maintained at 50° F. 

In all of the 12 combinations of light and 
temperature the sheep were allowed seven 
days to become acclimated to the chambers. 
At the end of the seven days all were in- 
jected with approximately one microcurie of 
[31 per pound of body weight. 

Seven days were permitted for maximum 
uptake and counts were taken on days 7, 10 
and 13 post-injection. Immediately following 
the 13 day count daily 1-thyroxine iajections 
were begun. The technique of Henneman 
et al. (1952, 1955) was followed for both ex- 
ternal I'*! counting and for calculating the 
thyroid secretion rate. All counts were made 
with a scintillation counter ? and a count rate 
meter.® 

The restraining rack used in this series of 
experiments was similar to the one described 
by Flamboe and Reineke (1959) except that 
a counterpoised suspension for the scintilla- 
tion counter was added (figure 1). The scin- 
tillation counter is suspended in the 2-pronged 
fork at a distance of 15 cm. from the fulcrum. 
The counter-balancing lever is 60 cm. long 
and has a 1.5 kg. sliding weight (not shown 
in the picture) that is adjusted to maintain 
firm pressure of the counter spacing ring on 
the neck of the sheep. With this arrangement 





2 Nuclear Chicago, model DS-1. 
® Nuclear Chicago, model 1620. 
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Figure 1. Counterpoised suspension for scintillation counter. 


uniform counting rates could be obtained de- 
spite small body movements of the animal. 
Duplicate aliquot standards of one-tenth the 
injected dose were prepared at the time of 
injection and any day to day differences in 
machine counting or geometry could be de- 
tected in the count of the standards. Conven- 
tional corrections were made for physical 
decay and background. 

When the corrected count from the thyroid 
equalled 100% of the previous count it was 
considered to be the thyroid secretion rate. 
All ewe weights were converted to kilograms 
and raised to the 0.73 power in order to ad- 
just weights to metabolic equivalence. The 
total daily 1-thyroxine secretion rate of each 
ewe was then divided by her metabolic equiv- 
alent weight (B. W. kg.®-7%). Reineke (1959) 
has reported that the thyroid secretion rate 


in several species varies with the 0.73 power 
of body weight. 

Changes in body weight and feed consump- 
tion were concurrently recorded for the 30- 
day period, while the thyroid secretion rates 
were being measured. Feed consumption val- 
ues are expressed as pounds consumed in 30 
days per kilogram of body weight to the 0.73 
power (Brody, 1945). 


Results and Discussion 


Thyroid Secretion Rate. The effects of 
ambient temperature and artificial light on 
thyroid secretion are shown in figure 2. Each 
light and temperature combination indicated 
in the figure is represented by the average 
thyroid secretion rate for 5 or 6 ewes. 

Analysis of variance revealed that there 
were significant differences which could be 
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Figure 2. Effect of ambient temperature and 
artificial light on thyroid secretion rate. 


attributed to both light and temperature. 
Ewes maintained at 50° F. had a three-fold 
higher secretion rate than the 90° F. groups. 
The difference is highly significant. 

These results agree with those of Dempsey 
and Astwood (1943) and Hurst and Turner 
(1948). Both groups employed the goitrogen 
technique for determining the thyroid secre- 
tion rate in rats and mice, respectively, and 
concluded that decreased environmental tem- 
perature stimulated thyroid function. 

Increasing the levels of artificial light in 
increments of 4 hours produced the following 
effect: starting with 4 hours of light per day 
and increasing the level to 12 hours sup- 
pressed the thyroid secretion rate, but with 
increasing light beyond 12 hours thyroid 
function was stimulated. The differences were 
significant (P<.05) when subjected to anal- 
ysis of variance. Tukey’s multiple comparison 
test (Snedecor, 1956) was performed on the 
light treatment means and it indicated that 
the 24-hour group had a significantly (P<.01) 
higher secretion rate than the 12-hour treat- 
ments. Also, the ewes in continuous light were 
secreting significantly (P<.05) more thyroid 
hormone than the sheep maintained at 12 
and 16 hours of light. 

These data are in agreement with the re- 
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ports of Kleinpeter and Mixner (1947) and 
Henderson (1958). The former group meas- 
ured the thyroid secretion rate of chicks by 
the goitrogen method and noted a stimulating 
effect by increasing light from 12 hours to 
24 hours per day. Henderson measured the 
thyroid epithelial cell height of ewes main- 
tained at 8, 12 and 16 hours of artificial light. 
He found that 12 hours of light significantly 
depressed cell height as compared to the two 
other light conditions. 

Puntriano and Meites (1951) and Terry 
(1951) concluded that thyroid activity is 
greatest under continuous darkness and de- 
clines with increasing light exposure in rats 
and sheep. This conclusion was based mainly 
on the observation that animals in continuous 
darkness had a greater uptake of I'*! than 
did animals exposed to constant light. Later 
studies in mice (Reineke ef al., 1956) and in 
dairy calves (Lodge et al., 1958) have indi- 
cated there is an inverse relationship between 
the actual secretion of thyroid hormone and 
I'81 uptake. In view of the latter findings the 
high uptake observed in animals under con- 
tinuous darkness could be interpreted as an 
indication of depressed thyroid activity. This 
present study is the first in which the actual 
thyroid secretion rate has been measured over 
a wide range of light. conditions. 

Body Weight Gains. The changes in body 
weight during the 30 day trials are shown in 
table 1. 

The ewes maintained at 50° F. consistently 
gained more weight than did the 90° F. groups 
and this difference was significant (P<.01). 
Only the sheep at 8 hours of light outgained 
their counterparts kept at 50° F. These re- 
sults are in accord with the reports of Rags- 
dale et al. (1949, 1951, 1953), Heitman et al. 


TABLE 1. EFFECT OF AMBIENT TEMPERA- 
TURE AND ARTIFICIAL LIGHT ON BODY 
WEIGHT GAINS * 








Ambient temperature 











Hours 

of light 50° F. 90° F. Mean 
4 8.42+2.16 (6)¢ 0.00+1.17 {6} 4.21 
8 9.74+2.56 (6) 13.08+2.83 (6 11.42¢f 
12 16.37+1.92 (6) 10.62+0.44 (6) 13.504 
16 8.254+2.58 (6) 3.90+1.26 £33 6.27 
20 7.124+2.64 (6) —0O.25+1.34 (6 3.44 
24 14.04+3.80 (6) 7.92+1.53 (6) 10.98f 

Mean 10.668 5.93 





® Values expressed in pounds. 
>» Mean+standard error of the estimate. 

¢ Figures in parentheses indicate number of animals from 

which mean was derived. 

4 Significantly different (P<.01) from 3 least values. 

© Significantly different (P<.05) from 3 least values. 

f Significantly different (P<.01 
€ Significantly different (P<.01 





from 2 least values. 
from least value. 
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(1951) and Henderson (1958), who concluded 
that elevated ambient temperature depressed 
gains in cattle, pregnant sows, and ewes, 
respectively. 

Significant differences between light groups 
are indicated in table 1. The most important 
observation is that the 12-hour group gained 
more (P<.01) weight than the three lowest 
gaining groups. There is a tendency for gains 
to increase with increasing light to 12 hours 
and then decrease with increased light to 20 
hours. The ewes maintained under continuous 
light did not follow this pattern; this may be 
due to their extremely thin condition when 
placed on experiment. 

There was a positive correlation of .24 
between thyroid secretion rate and body 
weight gains, which approached significance 
(P<.06). 

Although the results of the present study 
are not as dramatic as those obtained in 
lambs by Singh et al. (1956), who reported 
a correlation of +.81 between thyroid secre- 
tion rate and lamb growth, they do confirm a 
positive relationship between the two factors. 

Feed Consumption. Since there were signif- 
icant differences in initial weights between 
treatment groups, feed intake was expressed 
as pounds of feed consumed in 30 days per 
kilogram of body weight to the 0.73 power. 
The effects of temperature and light on feed 
consumption are presented in table 2. 

In this experiment temperature had no 
effect on the ewes’ feed consumption. One- 
half of the 90° F. groups had greater feed 
consumption values than their corresponding 
50° F. counterparts. All sheep within a given 
light treatment (split into two temperature 
groups) were of similar breeding, size and age. 

The pattern in feed consumption under 
different light exposures tends to be the same 














TABLE 2. EFFECT OF AMBIENT TEMPERA- 
TURE AND ARTIFICIAL LIGHT ON FEED 
CONSUMPTION * 

Ambient temperature 

Hours ——_——— 

of light 50° F. 90° F. Mean 
4 6.15+.16 (6)¢ 5§.34+.13 (6) 5.75 
8 8.99+.47 (6) 9.06+.50 (6) 9.02¢ 
12 10.26+.55 (6) 11.58+.62 (6) 10.924 
16 5.31+.56 (6) 4.06+.36 (5) .74 
20 6.13+.26 (5) §.12+.29 (5) 5.62 
24 8.38+.37 (6) 9. 60+. 62 (6) 8.99¢ 

Mean eee "7.62 





a Values expressed as pounds of feed consumed in 30 days/Kg. 
Bwe.7 


b Seka sinlenl error of the estimate. 

e Figures in parentheses indicate number of animals from 
which mean was derived. 

4 Significantly different (P<.01) from 5 least values. 

¢ Significantly different (P<.01) from 3 least values. 





361 


TABLE 3. EFFECT OF AMBIENT TEMPERA- 











TURE AND ARTIFICIAL LIGHT ON FEED 
EFFICIENCY * 
Ambient temperature 
Hours —_-—- oe 
of light 50° F. 90° F. Mean 
4 1.34+.32 (6) 0.05+.21 (6) 0.70 
8 1.094 .27 (6) 1.42+.26 (6) 1.26 
12 1.58+.15 (6) 0.93+.06 (6) 1.25 
16 1.46+.38 (6) 1.06+.39 (5) 1.28 
20 1.38+ .39 5) —0.17+.31 (5) 0.60 
24 1.72+. 51 (6) 0.79+.22 (6) 1.25 
Mean 1.434 “Sree 





we expressed as pounds gain/pound feed consumed/Kg. 
10.73 


> Mean+standard error of the estimate. 

¢ Figures in parentheses indicate number of animals from 
which mean was derived. 

4 Significantly different (P<.01) from least value. 


as body weight gains. Analysis of variance 
revealed there was a significant (P<.05) 
interaction between light and temperature. 
The 12 hour—90° F. ewes had the greatest 
feed intake and the 16 hour—90° F. sheep 
the least. 

Thyroid secretion rate and feed consump- 
tion were not significantly correlated in this 
experiment. 

Feed Efficiency. Feed efficiency figures are 
reported as pounds of gain per pound of feed 
consumed per kilogram of body weight to the 
0.73 power. Some of the ewes lost weight over 
the 30 day feeding trial. Therefore, the con- 
ventional feed efficiency expression, pounds 
of feed consumed per pound of gain, would be 
misleading and could not be used statistically. 

The results are presented in table 3. 

Analysis of variance revealed that the 
50° F. ewes were more efficient in converting 
feed to gain than the 90° F. sheep and this 
difference was highly significant (P<.01). 
While there were no significant differences 
induced by light there was a significant 
(P<.05) interaction between temperature and 
light. 

Since the feed consumption data indicated 
that increased temperature had no effect on 
feed intake in this experiment, it can be con- 
cluded that thyroid state was a factor in im- 
proving feed efficiency. The sheep at the lower 
temperature were secreting three times as 
much thyroid hormone as the 90° F. ewes. 
Likewise, the sheep in the cold chamber were 
twice as efficient in converting feed as those 
in the hot chamber. 

This relationship between efficiency of gain 
and thyroid secretion rate was statistically 
supported. There was a significant (P<.05) 
correlation of +.268 between the two meas- 
ures. The results of this study agree with 











362 


Beeson e¢ al. (1947), Blaxter et al. (1949) 
and Peo and Hudman (1960); all reported 
that feed efficiency was improved in swine by 
thyroprotein feeding. 


Summary 


Thyroid secretion rates were measured on 
64 ewe lambs maintained under controlled 
ambient temperature and artificial light. The 
thyroxine substitution technique was employed 
for all determinations and each trial lasted 
30 days. 

Decreasing the ambient temperature from 
90° F. to 50° F. induced a significant three- 
fold increase in the thyroid secretion rate. 
Increasing the hours of light in increments 
of 4 hours produced a biphasic effect within 
the range 4 through 24 hours per day. Differ- 
ences between the highest and two lowest 
values were significant. By increasing the 
illumination from 4 hours daily to 12, thyroid 
activity was progressively depressed, but with 
added light above 12 hours the thyroid secre- 
tion rate steadily rose. The parabolic pattern 
was in evidence under both 50° F. and 90° F. 
temperatures. 

Ewes maintained at 50° F. gained faster 
and were more efficient than the sheep kept 
at 90° F., but temperature had no effect on 
feed consumption. The thyroid secretion rate 
was positively correlated with both body 
weight gains and feed efficiency (gain/pound 
feed consumed/Kg. BW°:7*). 
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HE influence of sex is known to be an 

important source of variation in weights 
of cattle at all ages. Appropriate adjustment 
for this effect often is needed for various 
analyses and comparisons. In weanling data 
in which a portion of the male calves are 
castrated prior to weaning, any effect of selec- 
tion and the physiological effect of castration 
are confounded. If the bull calves are a select 
group, adjusting the three sex classes to a 
common mean presents a bias in regard to 
individual merit and breeding value of the 
dams. This can result in faulty conclusions 
in regard to selection intensities and expected 
and actual improvement. Therefore, adjust- 
ment values should be computed from un- 
selected data or the effect of selection elim- 
inated in some other manner. 

The objective of this study was to obtain 
appropriate adjustment values that would be 
applicable to weanling data in which a portion 
of the male calves were castrated prior to 
weaning. The sex differences in birth weight, 
weaning weight, and gain from birth to wean- 
ing are evaluated and additional information 
on the relative merit of additive and multi- 
plicative adjustment factors is presented. 


Materials and Methods 


The data include the birth weights, wean- 
ing weights, and gain from birth to weaning 
of Hereford beef calves raised at the United 
States Range Livestock Experiment Station, 
Miles City, Montana. Data from the test 
herd include 2,151 heifer and 2,281 steer 
calves dropped from 1936 through 1958. These 
data provide unselected information on differ- 
ences between heifer and steer calves since 
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all male calves were castrated. The average 
age at castration was 45 days. The test herd 
has been used to progeny test bulls from the 
purebred line herds since 1936 and is related 
to the line herds, especially Line 1. Differ- 
ences in productivity between the test herd 
and purebred herd are less than differences 
among the line herds comprising the pure- 
bred herd. 

Data on 330 heifer and 345 bull calves 
were obtained from the purebred herd in 
1958 and 1959. No preweaning castration was 
practiced during these years and therefore the 
information provided on differences between 
bulls and heifers is not biased by selection. 

The adjustment values obtained from the 
above sources were applied to 2,300 heifer, 
1,327 bull, and 1,032 steer calves from the 
purebred line herds dropped from 1936 
through 1959. The average age at castration 
in the purebred herd was 140 days and there- 
fore selection could have been a major factor 
influencing the observed difference between 
bull and steer calves. 

The weaning weights and gains from birth 
to weaning were adjusted to 180 days of age 
by using the calf’s own average daily gain 
during that period. Koch and Clark (1955) 
found the regression of gain from birth to 
weaning (daily gain & 182) on weaning age 
was —0.04 pound per day in data from the 
same station as the present study. This value 
is too small to be of any importance and the 
above method of adjusting to a constant age 
should be satisfactory. 


Results and Discussion 


The most common criteria used in judging 
the usefulness of adjustment factors have 
been the equalization of means and the equal- 
ization of variances or maintenance of equal 
coefficients of variation. An additive adjust- 
ment is appropriate if the standard deviations 
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TABLE 1. INFLUENCE OF SEX ON BIRTH WEIGHT AND GAIN FROM BIRTH TO 


WEANING—TEST HERD (1936-58) 








Birth weight 


Gain birth to weaning 




















Sex Number Mean* SD" Cv. Mean* S.D.” CV. 
Steers (S) 2281 80.2 8.10 10.1 321.0 38.40 12.0 
Heifers (H) 2151 74.8 6.10 8.2 305.5 36.12 11.8 
S—H 5.40.22 15.51.17 
H 0.933 0.753 0.952 0.941 
S 

® Sire-year subclass means weighted by the factor sp (see text). 

» Standard deviation computed within 182 sire-year subclasses. 


© Coefficient of variation. 


among the sexes are equal. Records may be 
adjusted to a common-sex base by adding the 
differences between the mean values of the 
sexes. Likewise, a multiplicative adjustment 
is appropriate if the coefficients of variation 
among the sexes are equal. In these cases, a 
ratio of the mean values is the desired adjust- 
ment since both the means and variances 
among the sexes are equalized. 

The means, standard deviations, coefficients 
of variation, average differences, ratios of the 
means, and ratios of the standard deviations 
are given in tables 1 and 2. The mean values 
were obtained by weighting each sire-year 
subclass mean for each sex by the factor 

MF 
M+F 
F is the number of females in each sire-year 
subclass. This method of weighting was used 
to remove the genetic and environmental fac- 
tors that may have differed among groups. 
Actually, there was almost no difference be- 
tween these weighted means and the over-all 
unweighted means. The standard deviations 





where M is the number of males and 


for each sex were computed within sires and 
years. The standard error of the difference 
between males and females was computed 


H a is S“f 
using the formula 4 N. We All purebred 
male calves were included for birth weight 
in table 2 since they represent an unselected 
group, whereas only bulls born in 1958 and 
1959 were included in gain from birth to 
weaning since these were the only years in 
which there was no preweaning castration. 

Birth Weight. The sex differences in birth 
weight of 5.4 and 5.2 were highly significant 
(P<0.01) and agree well with other values 
reported in the literature (Knapp e¢ al., 1942; 
Gregory et al., 1950; Burris and Blunn, 1952; 
Koch and Clark, 1955). 

The variation among bulls was larger 
(P<0.05) than the variation among heifers 
for birth weight in both the test and pure- 
bred herds. Where measures of variation have 
been reported separately for each sex, bulls 
usually have been more variable in birth 


TABLE 2. INFLUENCE OF SEX ON BIRTH WEIGHT AND GAIN FROM BIRTH TO 
WEANING—PUREBRED HERD 





Birth weights* 











Gain birth to weaning” 











Sex Number Mean‘ S.D.4 C.V Number Mean° $2), C.V. 
Bulls (B) 2359 79.3 7.54 9.5 345 329.7 41.51 12.6 
Heifers (H) 2300 74.1 6.88 9.3 330 310.5 34.42 11,1 
B—H 5.20.23 19.2+3.09 
a5 0.934 0.912 0.942 0.829 

B 





8 Birth weight based on 1936-59 data. 





> Gain from birth to weaning based on 1958-59 data. 


si > MF 
¢ Sire-year subclass means weighted by the factor =" (see text). 


M+! 


4 Computed within 213 sire-year subclasses. 
© Computed with 34 sire-year subclasses. 











weight (Gregory et al., 1950; Koch et al., 
1959). 

These data indicate that a multiplicative 
factor is more satisfactory than an additive 
type of adjustment for equalizing both the 
means and variances in birth weight. Koch 
et al. (1959) reported a difference of 5.2 
pounds between bulls and heifers and a ratio 


| of bulls to heifers of 1.076 (3= 0.929). Al- 


though the pooled mean square for bulls was 
slightly larger than that for heifers, the dif- 
ference was not statistically significant. They 
concluded that there was little difference be- 
tween the additive and multiplicative types 
of adjustment. 

These data show the coefficients of varia- 
tion to be larger for bulls than for heifers, 
indicating that although a multiplicative ad- 
justment is more appropriate than an addi- 
tive factor it still does not completely equalize 
the variances. 

Gain from Birth to Weaning. The pounds 
of gain from birth to weaning as used here 
is a coded form of average daily gain (daily 
gain < 180). The difference in pounds of gain 
between steers and heifers was 15.5 pounds, 
whereas the difference between bulls and 
heifers was 19.2 pounds, both differences be- 
ing highly significant (P<0.01). These sex 
differences amount to 0.086 and 0.107 pound 
of gain per day, respectively. 

The variances for pounds of gain among 
bulls and steers were larger than the variances 
among the heifers (P<0.05). The coefficients 
of variation are slightly larger for bulls and 
steers as compared to heifers. Thus, a multi- 
plicative adjustment factor is more appro- 
priate than an additive factor for daily gain 
from birth to weaning. Assuming no sex X 
herd interaction, it appears that the differ- 
ence in daily gain between bulls and steers 
was small, amounting to about 1%. 

Koch et al. (1959) reported an average 
sex difference of 0.113 pound per day be- 
tween bulls and heifers. The ratio of heifers 
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to bulls of 0.932 computed from their data 
agrees fairly well with the value of 0.942 
found in this study. Marlowe and Gaines 
(1958) found that bull calves gained about 
4% faster than steers, and steers 8% faster 
than heifers. 

Weaning Weight. Weaning weight is the 
sum of birth weight and pounds of gain from 
birth to weaning (adjusted to 180 days). The 
means, standard deviations, and coefficients 
of variations for the test and purebred herds 
are presented in table 3. 

The sex differences in weaning weight be- 
tween steers and heifers in the test herd and 
bulls and heifers in the purebred herd were 
20.9 and 24.1, respectively, both differences 
being highly significant (P<0.01). The vari- 
ation among steers and bulls was larger than 
the variation among heifers (P<0.05). The 
coefficients of variation were slightly larger 
for steers and bulls as compared to heifers. 
Therefore, the use of a multiplicative factor 
for weaning weight again is indicated by these 
data. The magnitude of the factor for wean- 
ing weight will vary with different ages at 
weaning unless the factors for birth weight 
and preweaning gain are the same. In these 
data, values of 0.949 & steers and 0.941 
X bulls were computed to adjust to a heifer 
basis at 180 days of age. 

Many studies that include all three sex 
classes indicate that the difference between 
bulls and steers is somewhat larger than is 
indicated by these data (Burgess et al., 1954; 
Marlowe and Gaines, 1958; Koch, 1951; Mc- 
Cormick e¢ al., 1956). However, in most of 
the above studies the calves were older at 
weaning, which would tend to increase the 
sex differences that were obtained. Also, if 
any selection was involved in retaining the 
better male calves as bulls, the sex differences 
obtained would be affected. 

Application of Adjustments. The multipli- 
cative adjustment values obtained above were 
applied to the weights and gains of calves 
from the purebred herd dropped from 1936 


TABLE 3. INFLUENCE OF SEX ON WEANING WEIGHT 








Test herd (1936-58) 





Purebred herd (1958-59) 








Sex Number Mean $.D.* C.V. Sex Number Mean S.D.” C.V. 
Steers 2281 401.2 44.76 Ii <2 Bulls 345 408 .4 43.10 10.6 
Heifers 2151 380.3 38.70 10.2 Heifers 330 384.3 36.83 9.6 





® Computed within 182 sire-year subclasses. 
» Computed within 34 sire-year subclasses. 
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TABLE 4. MEANS FOR BIRTH WEIGHT, GAIN 
FROM BIRTH TO WEANING, AND WEANING 
WEIGHT—PUREBRED HERD (1936-59) 











Gain from 
Birth birth to Weaning 
Sex Number’ weight weaning*  weight* 
Heifers 2300 74.1 302.2 376.3 
Males 2359 79.3 321.6 400.9 
Bulls 1327 80.3 341.7 422.0 
Steers 1032 77.9 295.8 373.7 





® Adjusted for age of calf. 


through 1959. Table 4 gives the unadjusted 
means for birth weight, gain from birth to 
weaning, and weaning weight. The difference 
of 2.4 pounds in birth weight between bulls 
and steers indicates that some indirect selec- 
tion on birth weight was practiced in deciding 
which male calves to save as bulls. 

The adjustment values used were 0.934 
< males for birth weight, 0.942 x _ bulls, 
and 0.952 & steers for pounds of gain from 
birth to weaning. The adjusted means are 
given in table 5. The values for males in tables 
4 and 5 were obtained by computing an aver- 
age of the bulls and steers weighted by the 
number in each sex. 

The adjustment values appear to adjust 
satisfactorily for sex, although the males are 
slightly favored in pounds of gain and wean- 
ing weight. However, these differences amount 
to about 0.5% and were not significant at 
the 5% level of probability. This slight differ- 
ence in the adjusted means between the male 
and female calves may be due to the bull 
adjustment values obtained from the limited 
amount of data in 1958 and 1959, or the dif- 
ferences in age at castration between the test 
and purebred steer calves. 

These data indicate that selection was the 
major factor determining the differences be- 
tween bull and steer calves. The large differ- 
ences among the sex classes in the adjusted 
data (table 5) reflect the importance of the 


TABLE 5. SEX ADJUSTED MEANS FOR BIRTH 
WEIGHT, GAIN FROM BIRTH TO WEANING, 
AND WEANING WEIGHT—PUREBRED HERD 











(1936-59) 
Gain from 
Birth birth to Weaning 
Sex Number __— weight weaning weight 
Heifers 2300 74.1 302.2 376.3 
Males 2359 74.1 304.3 378.4 
Bulls 1327 75.0 321.9 396.9 
Steers 1032 72.8 281.6 354.4 
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bias that would have been created if the 
three sex classes had been adjusted to a com- 
mon mean. The differences in the adjusted 
means between bull and steer calves should 
reflect the intensity of selection practiced on 
the male calves for the three traits. The selec- 
tion differentials—the average of the bulls 
minus the average of all males—of 0.9 pound 
for birth weight, 17.6 pounds for pounds of 
gain, and 18.5 pounds for weaning weight, 
correspond to about 0.150, 0.490, and 0.480 
for the three traits, respectively, using the 
standard deviations for heifers given in tables 
1 and 3. The maximum selection differential 
possible by truncation selection for any one 
trait when 56% of the male calves are saved 
as bulls would be about 0.71c. 


Summary 


The purpose of this study was to obtain 
appropriate adjustment values for sex of calf 
for birth weight, gain from birth to weaning, 
and weaning weight. Data on the relative 
merit of additive and multiplicative adjust- 
ment values are discussed and adjustment 
values presented. 

The sex differences between bulls and 
heifers, and between steers and heifers, were 
highly significant (P<0.01) for the three 
traits studied. Heifer calves weighed 7% less 
than bull calves at birth, and weighed 5% 
less than steers and 6% less than bulls at 
weaning. Heifer calves gained 5% less than 
steers and 6% less than bulls from birth to 
weaning. Variances among the bulls and 
steers were larger (P<0.05) than variances 
among heifers for birth weight, gain from 
birth to weaning, and weaning weight. The 
coefficients of variation were slightly larger 
for bulls and steers as compared to heifers for 
the three traits. 

These data indicate that a multiplicative 
adjustment factor (ratio of the means) is 
more satisfactory than an additive type ad- 
justment (average difference) for all three 
traits studied. 
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ECENT work with selenium has demon- 
strated its importance and possible classi- 
fication as an essential trace mineral for 
animals. Schwarz and Foltz (1957) reported 
the presence of organically bound selenium in 
active preparation of “factor 3”. Inorganic 
selenium was found to protect rats against the 
development of necrotic liver degeneration. 
Scott e¢ al. (1957) demonstrated that sele- 
nium in amounts of 0.01 to 1.0 ppm prevented 
mortality and exudative diathesis and pro- 
moted growth of chicks. Corroborating this 
work, Stokstad et al. (1957) stated that sele- 
nium as selenite at the level of 0.3 ppm gave 
complete protection against exudative diathe- 
sis in chicks fed a torula yeast diet. McLean 
et al. (1959) injected 1 mg. selenium as so- 
dium selenate subcutaneously every 7-10 days 
for 105 days in lambs and found a significant 
growth response. Also a partial role of sele- 
nium in alleviation of liver necrosis in swine 
was shown by Eggert et al. (1957). Selenium 
also has been found to prevent muscular dys- 
trophy in lambs (Proctor e¢ al., 1958; Old- 
field et al., 1960; and Welch e¢ al., 1960). 
Dietary calcium has been shown to influ- 
ence many dietary constituents (Wasserman 
et al., 1957; Davis, 1959; Forbes, 1960; and 
Wasserman, 1960). The purpose of this inves- 
tigation was to study the effect of excessive 
dietary calcium upon the distribution and 
retention of selenium-75 in swine. 


Experimental Procedure 


Two replicate experiments were conducted 
using a total of 18 crossbred barrows weigh- 
ing an average of 49 pounds, initially. Exper- 
iments I and II were conducted in the fall 
and winter, respectively. The barrows were 
allotted randomly into three lots and placed 


1 This manuscript is published with the permission of the 
Director of the University of Tennessee Agricultural Experi- 
ment Station, Knoxville, Tennessee. 

2 The radioactive materials used in this work were obtained 
from the Oak Ridge National Laboratory on allocation from 
the U. S. Atomic Energy Commission. The work was com- 
leted under Contract No. AT-40-1-GEN-242 between the 

niversity of Tennessee College of Agriculture and the 
Atomic Energy Commission. 
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into individual pens and given feed and water 
ad libitum. Pigs in Lot I were fed a basal 
ration containing 0.6% calcium and 0.5% 
phosphorus. Lots II and III were fed the 
basal ration plus additional calcium carbonate 
to equal 1.2 and 2.4% calcium, respectively, 
substituted for corn (table 1). During the 
two week dietary study, weight gains, feed 
consumption and feed efficiency were ob- 
tained. At the termination of the dietary 
phase, the barrows were placed into metab- 
olism units, as described by Mayo (1961), 
for a four-day preliminary and a five-day 
metabolism study. Weight gains and feed 
consumptions were measured during this pe- 
riod also. After the four-day preliminary 
period, the barrows were orally dosed by 
stomach tube with 250yc of selenium-75 as 
H2SeO;z with a specific activity of 5000 mc 
per gm. of selenium. 

Blood, urine and fecal samples were col- 
lected at 2, 4, 8, 16, 24, 36, 48, 72, 96 and 
120 hours post-dosing. Blood samples were 
taken by jugular puncture with a 2-inch 18- 
gauge needle and a 20 cc. heparinized syringe. 
Total urine and feces samples were weighed, 
mixed thoroughly, sub-sampled into pint jars 
and refrigerated. 

At the termination of the collection period, 
the barrows were sacrificed and total samples 
of liver, lung, spleen, heart and kidney were 
obtained. Samples of bile, small intestine wall 
and contents, large intestine wall and con- 
tents, rib, vertebrae, femur and tooth were 
also taken. 

Three ml. aliquots of blood, plasma and 
urine and approximately 3 gm. of feces and 
tissue were placed into a glass test tube 
(16 & 150 mm.) for direct counting of the 
gamma emission in a well-type scintillation 
counter. 

Feed samples from each mixing were dry 
ashed and stable calcium was determined by 
flame spectrophotometry as described by 
Brown et al. (1925) and phosphorus was de- 
termined by colorimetric method of Fiske and 
Subbarow (1925). Selenium was analyzed by 
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activation analysis at Oak Ridge National 
Laboratory. Data were analyzed statistically 
by analysis of variance methods. When 
P>0.05, the data were not considered statis- 
tically significant. 


Results 


Dietary Phase. The results of the dietary 
phase are shown in table 2. Both experiments 
followed the same trend in growth so they 
are discussed together. Feeding 2.4% calcium 
(Ration IIT) resulted in lower average daily 
gains (P<0.01), less feed consumed (P< 
0.01), and- more feed required per pound of 
gain (P<0.01). The differences between the 
basal (Ration I) and the 1.2% Ca (Ration 
II) were not significant. Average daily gain 
and feed consumption were higher (P<0.01) 
in Experiment II than Experiment I. The 
major portion of this variability was prob- 
ably due to extreme temperature difference. 
Feed required per pound of gain was not 
affected significantly. 

Metabolism Phase. Se-75 distribution in 
blood and plasma from an oral dose are shown 
in fig. 1. Se-75 was rapidly absorbed into the 
blood stream and reached a peak at 8 hours 
after dosing in both whole blood and plasma. 
Se-75 content of the blood and plasma then 
declined and at 36-48 hours began to plateau 
to a level which remained throughout the 
120 hour collection trial. Se-75 in the blood 
and plasma was increased (P<0.01) by in- 
creasing the level of dietary calcium. How- 
ever, when the total blood volume of the pigs 
was calculated, there was no difference in the 


TABLE 1. COMPOSITION OF RATIONS 




















Rations 

Ingredients I II III 

Ib. Ib. lb. 
Ground yellow corn 1427.4 1390.0 1314.0 
Alfalfa meal (17% dehy.) 48.8 48.8 48.8 
Soybean meal (44%) 430.0 435.6 449.2 
Corn oil 40.0 40.0 40.0 
Dicalcium phosphate 20.0 20.0 20.0 
Salt 10.0 10.0 10.0 
Trace minerals* 1.0 1.0 1.0 
Vitamin premix” 10.0 10.0 10.0 
Calcium carbonate 12.8 44.6 107.0 
Total 2000.0 2000.0 2000.0 
“Trace mineral mix: Mn, 12.5% (MnSOs); Fe, 8.0% 
FeSQs); Zn, 5.0% e's Co. 1.25% (CoSOs); Cu, 


Teo 
6 75% (CuSOa); I, 0.40% ( 
> Vitamin premix, each 10 tO supplies: riboflavin, 2 gm.; 
calcium pantothenate, 10 gm.; niacin, 30 gm.; choline chloride, 
50 gm.; vitamin Biz, 10 mg.; vitamin A, 1 million USP; 
vitamin Ds, 0.5 million USP; aureomycin, 20 gm.; L-me- 
thionine, 227 gm.; butylated hydroxytoluene, 120 gm. 
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TABLE 2. EFFECT OF EXCESSIVE CALCIUM 
ON GAIN, FEED CONSUMPTION AND FEED 
EFFICIENCY IN SWINE (14 DAY FEEDING 











PERIOD) 
Ration I II Ill 
Calcium, % 0.6 12 2.4 
No. of pigs 6 6 6 
Av. initial wt., lb. 48.21 49.00 48.70 
Av. daily gain, Ib. 1.60 1.59 0.74** 
Av. daily feed, lb. 4.23 4.01 3.10** 
Av. feed per Ib. gain 2.64 2.52 4.19** 





** P<0.01. 


total amount of Se-75 contained in the blood. 
The average total amount of Se-75 contained 
in the blood at sacrifice time was 11.7, 13.3 
and 11.8% for pigs in Lots I, II and III, 
respectively. The differences in the blood and 
plasma on a per ml. basis were due to depres- 
sion of body weight by the excessive calcium 
in the ration resulting in a higher dose of Se” 
per unit of body weight. 

Total urine output was increased (P<0.01) 
by the excessive calcium in the ration (table 
3). The distribution of Se-75 in urine was 
quite variable with no differences due to the 
excessive calcium in the ration. Within 24 
hours after dosing, 44, 40 and 48% of the 
total urinary Se-75 was excreted by pigs in 
Lots I, II and III, respectively. Urinary 
Se-75 accumulative total excretions are shown 
in figure 2. 
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Figure 1. Selenium-75 content of blood and 
plasma. 
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TABLE 3. TOTAL EXCRETION OF URINE, 
FECES AND SE” PER PIG IN 120 HOURS 
Ration mo oe 
Calcium, % 0.6 12 2.4 
No. of pigs 6 6 6 
Urine, 1. 9.80** 12.24 13.88 
Feces, kg." 4.08 3.93 2.61* 
Se” (% of dose) 
Urine 6.4 7.6 
Feces 18.2 16.3 19.0 
Retention 75.4 8 73.4 
@ Fresh basis. 


* Different from rations I and II P<0.01. 
** Different from rations II and III P<0.01. 


The total quantity of feces was decreased 
(P<0.01) by the increasing calcium levels 
(table 3). Pigs in Lot III ate 27% less feed 
and excreted 35.4% less feces than did those 
in Lot I. The peak excretion of Se-75 in the 
feces was 24-36 hours after dosing. By 48 
hours after dosing, 60, 57 and 57% of the 
total fecal Se-75 had been excreted by pigs 
in Lots I, II and III, respectively. Figure 2 
gives the cumulative excretion of Se-75 in the 
feces. The total fecal output of Se-75 was not 
affected by dietary calcium. When the urinary 
and fecal Se-75 excretions are combined, the 
total excretion showed no differences. The 
total Se-75 excreted was 24.6, 24.2 and 26.6% 
by pigs in Lots I, II and III, respectively. 
Average of the three lots showed that at 120 
hours post-dosing, 71.5% of the total excre- 
tion was via the feces. 

At the termination of the 120 hour collec- 
tion period, the pigs were sacrificed for sam- 
pling of various tissues. The tissue results of 
Se-75 concentrations are summarized in table 
4. Excessive calcium in the ration tended to 
increase the amount in the various tissues, 
however, due to large variations, only the 
femur, large intestine contents (P<0.01), 
large intestine wall, liver, skin, spleen and 
rib (P<0.05) were significant. When the 
Se-75 was calculated for the total tissue (table 
5), there were similar amounts of Se-75 in the 
respective tissue. Differences, on a per gram 
basis, were due in part to the depressing effect 
of calcium on the growth of the pigs result- 
ing in a higher dose of Se per unit body 
weight. The total liver contained more Se-75 
than did any of the other tissues taken. On 
a per gram basis, concentration of Se-75 in 
the kidney was approximately 3 times that 
in the liver. The kidney and liver combined 
accounted for an average of 8% of the oral 
dose of Se-75. 
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Discussion 


Dietary Phase. The first week on experi- 
ment, the pigs fed rations containing excess 
calcium, resulted in poor gains. After the first 
week the pigs seemed to adjust to the calcium 
and their weight gains increased considerably. 
Pigs in Lot I (0.6% Ca) and Lot II (1.2% 
Ca) performed similarly for the remainder 
of the study, even though the ration fed pigs 
in Lot II was above the normal Ca:P ratio. 
The adjustment after the first week may have 
been due to an acidity adjustment in the 
intestinal tract since there was no difference 
found in pH of the small intestine at the 
termination of the experiment. 

Metabolism Phase. During the metabolism 
phase the pigs adjusted to the restraint of the 
stalls. Although gains were minimal, urine and 
fecal collections were possible at all of the 
frequent periods of sampling. 

Absorption of Se-75 was rapid as shown by 
the peak in blood levels at 8 hours after 
dosing. This agrees with rat work conducted 
by Smith e¢ al. (1938), Anderson and Moxon 
(1941), McConnell (1942) and McConnell 
and Martin (1952). These rat experiments, 
however, were conducted primarily to study 
selenium toxicity. 

Plasma Se-75 of the pigs amounted to an 
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Figure 2. Cumulative selenium-75 in feces and 
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TABLE 4: EFFECT OF EXCESSIVE CALCIUM ON TISSUE CONCENTRATION OF SE” 
IN SWINE (FRESH BASIS) 











Ration I II Ill 
Calcium, % 0.6 1.2 2.4 
% of dose/gm. of tissue* (6 pigs/treatment) 

Heart 31.54 3.2” 38 1e $2 38.1% 4.5 
Liver 116.0+ 19.8 137,02: 27.3 164.0+ 33.3* 
Lung 51.8 6,3 64,35: 7.6 66.2+ 7.6 
Spleen 67.2+ 9.8 80.2+ 9.6 91.2+ 14.5* 
Kidney 401.72+125.7 392.12136.3 408.12115.1 
Urine 5.02. 454 6:82: -2.2 ae 151 
Plasma 64.2+ 6.1 Wise 5.9 77.82% 10.9 
Bile 1.88 2 6.7+ 0.4 9.3% 0.9 
Sm. int. wall 12a Ve 70.2% 2.4 89.3% 9.2 
Sm. int. contents S738 6.525 4,7 12.0%:. 3.7 
Large int. wall 43.0+ 4.7 S30 53 58.5+ 8.9* 
Large int. contents 15..7-= 3.3 15.27 1:6 26.52 .:3.2°* 
Muscle ek Ras CE 9,036 9.2 5 
Skin 10. $2 -.-1:9 De a7 be a BY 18:7 3.7? 
Hair 2:02 °O,4 2.00.5 5.32.5 
Rib 243 317 21a: 3.8 36.5 4.0* 
Femur 19.0+ 2.4 21:0. 1,7 29.0" 2.4°* 
Vertebrae 34226 Si 39.8% 4.3 44.5+ 4.3 
Tocth 20.8% 4.3 24.54%: 259 25.2% bd 





® Each value was multiplied by 104. 

» Standard error of mean. 

* P<0.05 (0.6% Ca vs. 2.4% Ca). 
** P<0.01 (0.6% Ca vs. 2.4% Ca). 


average of 73% of the total blood Se-75 with 
a range of 68 to 80%. These values were 
consistent from 2 hours after dosing to time 
of sacrifice. There was no difference due to 
dietary calcium on the percentage of Se-75 
contained in the plasma. McConnell and Van 
Loon (1955) found, upon fractionation of dog 
blood containing Se-75, that between 77 and 
89% of the total Se-75 was protein-bound. 
In these experiments it was shown that 
71.5% of total Se-75 excreted was via the 
feces. This is in contrast to reports by Mc- 
Connell (1942) working with rats, in that 


Se-75 was stated to be eliminated primarily | 


by way of urine at ordinary selenium intakes. 
Later, McConnell and Martin (1952) in two 
experiments with dogs, reported excretion of 
62 and 44% of total selenium in the first 
four hours after administration. Selenium may 
be a “high threshold substance” in the form 
of seleno cystine or seleno methionine, as 
evidenced by its high concentration in the 
kidney, low concentration in the urine and 
intermediate concentration in the plasma. The 
level of dietary selenium and the species may 
have resulted in optimum or sub-optimum 
plasma levels causing a low renal excretion. 
No selenium was added to these swine rations 
which analyzed 0.6 ppm selenium. 

The tissue uptake of Se-75 was relatively 


high for such a minor element of the body. 
Excessive calcium increased the level of Se-75 
per gm. of fresh tissue but basing the data on 
total tissue weight or body weight of the 
animal, the levels were similar for all treat- 
ments. The coefficient of variation of the 
tissues reveals the kidney variation was 2-3 
times higher than those of other tissues. It 
is postulated that selenium contained in the 
kidney was filtered through glomeruli from 
the plasma and a high amount was reabsorbed 
through the tubules. If unequal portions of 
cortex and medulla of the kidney are obtained 
in the sampling, the variation would be in- 
creased. The coefficients of variation for small 
intestine contents and hair showed a linear 
increase with increasing dietary calcium. The 
high coefficients of variation for pigs in Lot 
III were due to one pig which had much 


TABLE 5. EFFECT OF EXCESSIVE CALCIUM 











ON TOTAL TISSUE CONTENT OF SE” IN 
SWINE 
Ration I Il Ill 
Calcium, % 0.6 1.2 2.4 
% of dose (3 pigs/treatment) 
Heart 0.56+0.03* 0.51+0.03 0.44+0.06 
Kidney 1.46+0.06 1.05+0.02 1.39+0.06 
Liver 7.63+0.26 6.87+0.50 $.73+0.31 
Lung 1.53+0.14 1.48+0.18 1.16+0.04 
Spleen 0.42+0.03 0.43+0.02 0.37+0.05 





* Standard error of mean. 
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greater Se-75 concentration in these tissues 
than the other pigs. Se-75 in the total liver 
accounted for 6.8% of the dose while this 
organ was only 2.1% of body weight. This 
concurs with work by McConnell and Martin 
(1952); they also reported that the destruc- 
tion and elimination of selenium-bound hemo- 
globin may take place partly in the liver and 
the degradation products appear in the bile, 
where a fraction of the selenium is combined 
with the bile pigments. However, the con- 
centration of Se-75 was very low in the bile 
in comparison to the liver and blood. The 
total Se-75 retained in the body 120 hours 
after dosing amounted to about 75% of the 
administered dose. 

The relative concentrations of Se-75 were 
as follows: kidney > liver > spleen > small 
intestine wall > lung > large intestine wall 
> vertebrae > rib > heart > femur > 
teeth > large intestine contents > skin > 
small intestine contents > muscle > bile > 
hair. The quantity of Se-75 in the total tissues 
measured were as follows: liver > lung > 
kidney > heart > spleen. 


Summary 


Swine were fed corn-soybean-meal rations 
with 0.6, 1.2 and 2.4% calcium. The 2.4% 
ration decreased growth rate, feed consump- 
tion and feed efficiency. 

Blood, plasma, urine and feces data were 
collected from eighteen barrows at 2, 4, 8, 
16, 24, 36, 48, 72, 96 and 120 hours after 
oral dosing with selenium-75. In general, with 
increasing dietary calcium, the blood, plasma 
and several tissues indicated an increase in 
Se-75 content on a per ml. or gm. basis. How- 
ever, calculating the total blood volume of the 
animal, the Se-75 content of the blood was 
similar for all lots. Of the total blood Se-75 
content about 73% was found in the plasma 
portion. The highest content of Se-75 was 
found in the blood at 8 hours after dosing, 
then after 36-48 hours the content plateaued 
to a level which remained relatively constant 
throughout the 120 hour metabolism study. 

The main route of excretion was via the 
feces which contained 72% of the total ex- 
creted. The cumulative Se-75 excretion at 120 
hours for pigs in Lot I (0.6% Ca), Lot II 
(1.2% Ca) and Lot III (2.4% Ca) urine 
was 6.4, 7.9 and 7.6% and in the feces was 
18.2, 16.3 and 19.0%, respectively. 

On a per gram basis, the concentration of 
Se-75 in the kidney was the highest of seven- 
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teen tissues sampled, while the total liver 
contained more Se-75 (7% of dose) than did 
any of the other tissues sampled. 
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EFFECT OF EXOGENOUS PROGESTERONE ON REPRO- 
DUCTIVE ACTIVITY IN THE BEEF HEIFER* 


D. E. Ray, M. A. Emmerson, AND R. M. MELAMPY 
Iowa State University,? Ames 


[NX recent years much interest has been cen- 
tered on experimental regulation of the 
estrous cycle in farm animals. Most of the 
work reported has utilized exogenous proges- 
terone or its derivatives to suppress normal 
estrus. Ulberg (1955) reported that daily 
progesterone injections appear to be effective 
in suppressing heat in sheep, cattle, and 
swine, with sheep requiring the lowest daily 
doses and swine the highest. However, a tech- 
nique involving daily injections presents some 
disadvantages which would limit its useful- 
ness, especially in beef animals. Nellor and 
Cole (1956), in an attempt to overcome some 
of these practical disadvantages, reported that 
a single injection of 560 mg. progesterone in 
starch emulsion followed in 15 days by a 
single injection of 750-2140 I.U. of equine 
gonadotrophin (PMS) resulted in 90% of 
normally cycling heifers showing estrus 1—4 
days after PMS injection. 

Although the time of estrus can be experi- 
mentally controlled by progesterone admin- 
istration, the conception rate at the adjusted 
heat period is reduced (Donker e¢ al., 1958; 
Nellor and Cole, 1956; Trimberger and 
Hansel, 1955). Ulberg and Lindley (1960) 
reported that the presence of a palpable fol- 
licle (10 mm. in diameter) at the time of the 
last progesterone injection increased the prob- 
ability of a successful insemination at the first 


estrus following treatment. The detrimental - 


effects of progesterone on conception in cattle 
appear to have nearly disappeared by the 
second post-treatment estrus (Ulberg, 1955). 

The mode of progesterone action in inhibit- 
ing estrus might indicate possible causes of 
this transient low fertility. Loy e¢ al. (1960) 








1Journal Paper No. J-4020 of the Iowa Agricultural and 
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postulated that progesterone inhibits the re- 
lease of LH from the pituitary, thereby pre- 
venting this hormone from acting on the 
ovary. They found that progesterone injected 
at day-1 or -5 of the cycle significantly 
decreased luteal progestogen concentration. 
However, Nellor and Cole (1957) were un- 
able to demonstrate an effect of exogenous 
progesterone on pituitary LH content. 

The purpose of the work presented here 
was (1) to further investigate the action of 
progesterone and PMS in the control of estrus 
in the beef heifer, and (2) to study the pos- 
sible mechanisms through which progesterone 
exerts its inhibitory influence on estrus. 


Experimental Procedure 


Animals used in this study were grade 
Hereford heifers approximately 14—24 months 
of age obtained through commercial markets. 
The heifers had been calf-hood vaccinated or 
were tested for brucellosis at the time of 
purchase. They were maintained under dry- 
lot conditions and fed a growing-type ration 
based on corn silage and/or alfalfa hay sup- 
plemented with ground ear corn. Animals 
were checked twice daily for estrus by use of 
a vasectomized bull and/or androgenized 
steers. Only those females which would stand 
to be mounted by another animal were con- 
sidered in heat. With the exception of the 
preliminary experiment, only animals which 
exhibited normal estrous cycles (17—24 days) 
were placed in the experimental group. All 
animals from which information on fertility 
was desired were artificially inseminated by 
an experienced technician. Rectal palpations 
were made at various intervals to indicate 
ovarian status. 

The first trial, involving 11 heifers during 
the winter of 1958-59, was designed to study 
the effect of progesterone and equine gonado- 
trophin * (PMS) treatment on estrus and con- 
ception in the beef animal. A single sub- 
cutaneous injection of 560 mg. crystalline 





8 Gonadogen, The Upjohn Company, Kalamazoo, Michigan. 
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progesterone in starch suspension was admin- 
istered at various stages of the estrous cycle, 
followed in 14 or 15 days by a single sub- 
cutaneous injection of 750-2250 I.U. of PMS. 
The animals were inseminated at the post- 
treatment estrus and slaughtered 33-42 days 
following gonadotrophin injection. 

A second experiment was designed to inves- 
tigate the mode of progesterone action in 
suppressing heat. This experiment involved 
42 heifers and was conducted during the sum- 
mer and fall of 1959. Twenty-seven animals 
received a single intramuscular injection of 
0.76 mg. Repositol progesterone * per Ib. body 
weight, 9 of the heifers being treated at heat 
(day-0), 9 others 8 days postestrum, and 
the remaining 9 animals 16 days after heat. 
From each group 3 animals were slaughtered 
8 days and three 16 days post-injection. The 
remaining 3 animals in each group were 
allowed to return to estrus and were insem- 
inated at this heat. These animals were 
slaughtered 2-4 days postestrum and their 
oviducts and uteri flushed with physiological 
saline in an attempt to recover the ova shed 
at this heat. Fifteen heifers received no pro- 
gesterone and served as controls. Of these, 
5 were slaughtered at each of the following 
stages; 1, 8, and 16 days postestrum. 

At slaughter, reproductive tracts and pitui- 
tary glands from each animal were prepared 
for further study. Pituitaries were frozen and 
stored until assayed. All pituitary glands were 
assayed for FSH and LH. Test animals were 
male rats hypophysectomized at 25 or 26 days 
of age. Two dose levels were used; a total of 
37.5 mg. and 75.0 mg. of pituitary tissue was 
administered, with 3 rats on each level. Con- 
trol rats were injected with 0.85% saline. 
Testes weights were used as an indication of 
FSH activity, whereas ventral prostate weights 
were used to measure LH potency. FSH and 
LH standard preparations were assayed at the 
same time as control pituitaries. Standard 
FSH was assayed at three levels; 50 mcg., 
100 mcg. and 200 mcg., with 8 rats on the two 
lower levels and 9 rats on the higher level. 
Three standard LH doses, consisting of 12.5 
mceg., 25.0 mcg. and 50.0 mcg., were assayed 
with 9 rats on each of the lower doses and 7 
rats on the higher dose. Hormone levels above 
are total amounts injected into each rat over 
the 4.5 day period. Details of the assay pro- 
cedures employed for FSH and LH are 
described by Hamburger (1950). 


4 Pitman-Moore Co., Indianapolis, Indiana. 
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Only pituitaries from control heifers were 
assayed for lactogenic hormone. The proce- 
dure used was that of Meites and Turner 
(1950), which involved intradermal injection 
of the pituitary suspension over the crop-sac 
of young pigeons. Each pituitary was assayed 
at three dose levels. The total amount of 
tissue injected at each site for the three levels 
was 0.075 mg., 0.15 mg., and 0.30 mg. Three 
pigeons were injected at the lower dose with 
two squabs at each of the higher doses. Stand- 
ard prolactin assays were conducted concur- 
rently with control pituitary assays. The total 
dose injected over each crop-sac was 0.01, 
0.02, and 0.04 I.U. for the three levels. Thir- 
teen squabs were injected at each level. At 
autopsy crop-sacs were removed and examined 
by transmitted light for evidence of glandular 
proliferation, with each sac being scored from 
0-5 depending on degree of stimulation. 

Standard preparations of gonadotrophic 
hormones (FSH, LH and prolactin) were se- 
cured from the Endocrinology Study Section, 
National Institutes of Health, Bethesda, 
Maryland. Standard FSH was of bovine ori- 
gin, whereas LH and prolactin standards were 
of ovine origin. 

Uteri were macroscopically examined and 
measurements taken of ovarian structures. All 
follicles with a diameter of 5 mm. or greater 
were individually recorded, whereas those less 
than 5 mm. in diameter were included in a 
single group. Corpus luteum size was evaluated 
by external diameter. Several tissue samples 
were removed from the middle portion of each 
uterine horn, fixed in Bouin’s fluid, and stored 
in 70% ethanol. After paraffin embedding, 
sections from each sample were cut at 8—10 
micra. Hematoxylin and eosin were used as 
stains. Histometric data, consisting of luminal 
and glandular epithelial cell heights, were 
obtained. 

Data from control animals were statistically 
analyzed as a completely randomized design. 
Information from treated heifers was analyzed 
asa 3 X 3 or 3 & 4 factorial arrangement, 
depending on whether or not control data 
were included in the analysis. Since unequal 
sub-class numbers were encountered, the 
method of unweighted means was utilized in 
analyses involving the progesterone treated 


group. 


Results and Discussion 


Experiment I. Progesterone-PMS Treat- 
ment. Only 6 of the 11 heifers involved in 

















this preliminary study had exhibited standing 
heats prior to treatment, although they had 
been observed daily for 68 days. The reason 
for this high incidence of anestrum is difficult 
to explain, since the animals were approx- 
imately 18 months old and were exhibiting 
ovarian activity prior to treatment (deter- 
mined by rectal palpations). 

The interval from PMS injection to estrus 
was 2-38 days, with no detectable grouping 
in the return to heat. In contrast, Nellor and 
Cole (1956) reported that 79% of animals 
receiving a similar treatment were in heat 
0-4 days following PMS injection. Ulberg 
and Lindley (1960) decreased the variation 
in onset of estrus and increased the number 
of animals expressing heat by injecting 0.5— 
10.0 mg. estradiol benzoate after the last of 
a series of progesterone injections. 

Only one of 8 animals inseminated at the 
first post-treatment estrus was pregnant at 
slaughter. This conception rate is similar to 
that reported by other workers using pro- 
gesterone to recycle cattle (Donker et al., 
1958; Nellor and Cole, 1956; Trimberger and 
Hansel, 1955). 

Experiment II. Effect of Progesterone on Es- 
trous Response, Because of the low fertility 
following progesterone treatment and the vari- 
ability of estrous response observed in Experi- 
ment I, and similar reports in the literature, a 
more complete investigation on the effect of 
exogenous progesterone administration was 
conducted. 

Two heifers which were injected at estrus 
and designated to be slaughtered 16 days 
later returned to heat before this interval 
elapsed (12 and 13 days). They were insemi- 
nated and included in the experimental group 
injected at heat and slaughtered after the 


first post-treatment estrus. This unexpected ~ 


behavior resulted in unequal sub-class num- 
bers. A total of 11 animals returned to estrus 
following progesterone treatment. Five heifers 
injected at heat showed estrus 12~—14 days 
post-injection (mean of 13.2 days). Three 
animals treated at day-8 of the cycle were 
in heat 16-19 days (mean of 17.7 days) after 
injection, or 24-27 days after their last heat. 
Estrus was observed 14-16 days (average of 
15.3 days) after injection of day-16 in 3 
animals, or 30-32 days from the pre-treat- 
ment heat. In comparison, 5 control heifers 
had cycles of 18-24 days (mean of 20.6 days) 
in length. It would appear that a single in- 
jection of a large dose of Repositol proges- 
terone at heat interferes in some manner with 
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normal functioning of the corpus luteum, 
resulting in a marked shortening of the 
estrous cycle. This is further substantiated by 
findings of Loy et al. (1960), who reported 
that injection of 1 mg. progesterone per lb. 
body weight at day-1 or -5 of the estrous 
cycle resulted in a significantly lower con- 
centration of progestogen in the corpus luteum 
at day-14. However, the results of this in- 
vestigation suggest that if progesterone in- 
jection is delayed until day-8 or -16 of the 
cycle, the endogenous production of proges- 
terone by the corpus luteum together with 
the exogenous supply act to suppress the 
next expected heat, resulting in a prolonged 
cycle. 

Although ovulation had occurred in all ani- 
mals slaughtered after estrus, only 3 ova were 
recovered from the 11 uteri, and of these only 
one ovum was cleaved or fragmented. No as- 
sessment of ova viability was justified because 
of the poor ova recovery. 

Pituitary Gonadotrophin Activities. Results 
of bioassays for FSH and LH are presented 
in tables 1 and 2, respectively. FSH activity 
of the anterior lobe of the pituitary gland, as 
indicated by immature rat testes weight, was 
significantly higher (P<0.01) in control heif- 
ers than in those receiving progesterone in- 
jections at various stages of the cycle. 
However, within the treated animals, no sig- 
nificant differences between stages of cycle 
injected or periods from injection to slaughter 
were detected. Ventral prostate weights also 
indicated significantly higher (P<0.05) levels 
of LH in control pituitaries than in those 
from animals treated with progesterone. As 
in the FSH assay, treated animals did not 
differ significantly from each other with re- 


TABLE 1. EFFECT OF EXOGENOUS PROGES- 
TERONE ON FSH CONTENT OF BEEF HEIFER 
PITUITARIES * 








Stage of cycle 
progesterone injected ¢ 











Days, injection Control 
to slaughter » heifers 0 8 16 
8 584 (4)4 512 (3) 5$30(3) 496 (3) 
16 642 (4) 481 (1) 583 (3) 551 (3) 
Postestrum 569 (5) 559 (5) 527(3) 528 (3) 
Stage means 598 (13)° 517 (9) 547 (9) 525 (9) 





« FSH potencies evaluated by testes wt. (mg.) of immature 

hypophysectomized rats. ; : 
Indicates days after estrus for control heifers, with 

“postestrum’’ classification including the control animals slaugh- 
tered on day-1. : : 

¢ Single intramuscular injection of 0.76 mg. Repositol 
progesterone per Ib. body wt. SROESe 

4 Mean testes wt. (mg.) with number of pituitaries as- 
sayed in nthesis. 

© Significantly larger (P<0.01) than average of treated 
group. 
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spect to stages of cycle injected or intervals 
from injection to slaughter. 

These results, which indicate that exogenous 
progesterone depresses pituitary FSH and 
LH content, are not in agreement with find- 
ings of Nellor and Cole (1957). They re- 
ported no detectable differences in pituitary 
FSH or ICSH activities between 7 control 
heifers and 7 heifers receiving a single injec- 
tion of 1120 mg. progesterone on the 11th 
day of the cycle. Depression of FSH and LH 
content of the anterior lobe by exogenous pro- 
gesterone could be the result of either de- 
creased synthesis or increased release (or 
both) of these hormones. Loy e¢ al. (1960) 


TABLE 2. EFFECT OF EXOGENOUS PROGES- 
TERONE ON LH CONTENT OF BEEF HEIFER 
PITUITARIES * 








Stage of cycle 
progesterone injec ted © 








Days, injection Control - - — oo 
to slaughter » heifers 0 8 16 
8 59.4 (4)4 45.5 (3) 54.0(3) 46.1 (3) 
16 64.1 (4) 42.0(1) 54.4(3). 51.6 (3) 
Postestrum 44.6 (5) 49.0(5) 43.9(3) 44.0(3) 
Stage means 56.0(13)® 45.5(9) 50.8(9) 47.2 (9) 





“LH potencies evaluated by ventral prostate wt. (mg.) 
of immature hypophysectomized rats. 

> Indicates days after estrus for control heifers, with 
“‘postestrum’’ classification including the control animals 
slaughtered on day-1. 

¢ Single intramuscular injection of 0.76 mg. Repositol 


progesterone per lb. body weight. 

4 Mean ventral prostate wt. (mg.) with number of pitui- 
taries assayed in parenthesis. 

© Significantly larger (P<0.05) 
group. 


than average of treated 


postulated that progesterone inhibits release 
of LH from the pituitary, resulting in defec- 
tive corpus luteum formation and mainte- 
nance. If this were true, LH content of glands 
from treated heifers would presumably be as 
high, if not higher, than the level in untreated 
animals. 

If only the data from the control animals 
are examined, a significantly lower LH level 
(P<0.005) is observed at day-1 than at 
day-8 and -16 of the cycle. This low level 
of LH corresponds roughly with time of 
ovulation, since 2 of 5 animals slaughtered 
at day-1 had ovulated. Cupps ef al. (1959) 
reported that LH content varied significantly 
between days of the cycle, with high values 
observed on the 3rd and 8th days. They 
stated that LH content of the pituitary is 
closely related to growth and differentiation 
of the corpus luteum, at least at these two 
stages of the cycle. In their nomenclature 
day-1 was the day of estrus; therefore, day-3 
in their study would be the 2nd day postes- 
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TABLE 3. RELATIVE POTENCIES OF ONE 
GRAM ANTERIOR PITUITARY TISSUE OF 
BEEF HEIFERS 








Days postestrum 


8 16 








Standard @ p 1 

Prolactin, I.U. 175+28» 126+13 176+28 
FSH, mg. 4.44+0.34 4.72+0.60 5.76+0.41 
LH, mg. 2.15+0.12 3.18+0.35 3.51+0.43 





* Reference standards were obtained from Endocrinology 
ocuey Section, National Institutes of Health, Bethesda, Mary- 
and, 

> Mean and standard error. 


trum. This would indicate a rather rapid 
change in LH potency from a low value one 
day postestrum to a high value on the second 
day following heat. However, the validity of 
this comparison is questionable, since it in- 
volves two different groups of animals. 

Although the FSH levels did not differ 
significantly between days of the cycle, a 
higher level (P<0.10) was observed 16 days 
postestrum than at day-1 and -8. Cupps et al. 
(1959) failed to find any difference in pitui- 
tary FSH content of 20 cows which could 
be related to the cycle. 

Lactogenic hormone concentrations were 
evaluated only in pituitaries from control 
heifers. No significant difference between days 
of cycle was detected by the assay method 
utilized. 

Relative gonadotrophin potencies of con- 
trol pituitaries, in units of standard hormone 
preparations assayed, are presented in table 3. 
These data indicate that the anterior lobe of 
the pituitary gland contains more FSH than 
LH. In contrast, Nellor and Cole (1957) re- 
ported that ICSH: FSH activity ratio was 6:1 
in beef heifer pituitary glands. 

Ovarian Morphology. Average diameters of 
corpora lutea from control and progesterone 
treated heifers are presented in table 4. Pro- 


TABLE 4. EFFECT OF EXOGENOUS PROGES- 
TERONE ON CORPUS LUTEUM DIAMETER OF 
BEEF HEIFERS 








Stage of cycle 
progesterone injected» 














Days, injection Control 
to slaughter * heifers 0 8 16 
8 19 (5)¢ 9(3) 18 (3) 8 (3) 
16 18 (5) 13(1) 11 (3) 6 (3) 
Postestrum 13 (5) 3 (5) 7 (3) 3 (3) 
(C.L. of prior cycle) 
Stage means 17 (15)4 8(9) 12 (9) 6 (9) 
“Indicates days after estrus for control heifers, with 
“postestrum’”’ classification including the control animals 


slaughtered on day-1. ‘ 
> Single intramuscular injection of 0.76 mg. Repositol pro- 
gesterone per lb. body wt. 


© Mean diameter (mm.) of corpus luteum with number of 
heifers in parenthesis. 

4 Significantly larger (P<0.005) than average of treated 
group. 

















gesterone treatment resulted in a significant 
decrease in corpus luteum size (P<0.005). 
Loy et al. (1960) reported that progesterone 
injections in heifers at day-1 resulted in a 
significant decrease in corpus luteum weight, 
although injection at day-5 of the cycle did 
not significantly affect corpora weights. They 
suggested that this effect may be due to a 
lack of circulating LH and postulated that 
this insufficiency was due to a blockage of 
LH release. The LH data from this experi- 
ment would indicate that smaller corpora 
lutea observed could be due to a lack of LH, 
although it appears possible that progesterone 
might suppress production rather than release 
of LH. Corpora lutea from treated animals 
may have been smaller than normal because 
they were at a later stage of development. 
However, corpora from animals injected at 
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BEEF 


TABLE 5. 
GESTERONE ON FOLLICLE SIZE IN 
HEIFERS 








Stage of cycle 
progesterone injected » 


Days, injection Control — a 








to slaughter * heifers 0 8 16 
8 11 (5)¢ 11 (3) 8 (3) 19 (3) 
16 12 (5) 14 (1) 16 (3) 18 (3) 
Stage means 12 (10) 12 (4) 12 (6) 18(6)4 





“Indicates days after estrus for control heifers. 

> Single intramuscular injection of 0.76 mg. Repositol pro- 
gesterone per lb. body weight. 

¢ Mean diameter (mm.) of largest follicle with number of 
heifers in parenthesis. 

4 Significantly larger (P<0.005) than average of animals 
injected on day-8. 


heat were less than half as large as those 
from control animals, whereas the chrono- 
logical development of these structures would 
be identical in the two groups. 

Table 5 presents average diameters of the 
largest follicle in the ovaries of each animal 
in this experiment. No significant difference 
was detected between control and treated 
groups. In contrast, Nellor and Cole (1957) 
reported that similar follicular measurements 
were almost twice as great in control heifers 
as in heifers receiving a single progesterone 
injection. However, the level of progesterone 
administered in their study (1120 mg.) was 
over twice that used in this work, and possi- 
bly could account for the discrepance. Among 
progesterone treated animals, those receiving 
injections at day-16 of the cycle had signifi- 
cantly larger follicles than those injected at 
day-8 (P<0.005). A plausible explanation 
is that the follicles from animals treated 16 
days postestrum had been under the influence 
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of FSH a longer period of time, resulting in 
a continued increase in size as compared to 
the day-8 group. 


Histometric Measurements of Uterine Epi- 
thelium. Cell heights of endometrial epithe- 
lium were evaluated at three locations; 
epithelium lining the lumen of the uterus, 
glandular epithelium located superficially or 
adjacent to the lumen, and glandular epithe- 
lium in the basal layers of the endometrium 
(next to the myometrium). Results of these 
measurements are presented in figure 1. In 
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Figure 1. Effect of exogenous progesterone on 
endometrial epithelial cell heights in beef heifers. 


(Abbreviatios: CON.=control animals; STAGE 
TRT.=stage of cycle progesterone injected.) 
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some animals the luminal epithelium was 
denuded or distorted and accurate measure- 
ments could not be obtained. Superficial gland- 
ular expithelium was immeasurable in only 
one animal; however, it was possible to meas- 
ure heights of basal glandular epithelium in 
all animals studied. 

Although luminal cell heights exhibited the 
greatest mean differences between stages 
studied, variation between animals within 
stages was approximately 10-20 times as 
great as that observed for glandular epi- 
thelium. Dziuk e¢ al. (1958) reported that 
luminal epithelial height varied more from 
one location to another in the same section 
than the range which is usually accepted for 
the entire cycle. This would definitely limit 
the usefulness of luminal cell heights as an 
indication of functional activity of the en- 
dometrium. Due to the variability of luminal 
epithelium, major emphasis was placed on 
glandular epithelium in the presentation and 
interpretation of this phase of the study. 
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Statistical analysis of glandular cell height, 
at either superficial or basal areas, resulted 
in a significant interaction between stage of 
cycle injected and days from injection to 
slaughter. This invalidated any comparisons 
of the overall mean effects, and only those 


comparisons of effects within a single classi- 


fication were theoretically sound. 

Both superficial and basal glandular cells 
were significantly higher (P<0.005) in con- 
trol animals slaughtered 8 days postestrum 
than in the progesterone-treated group slaugh- 
tered 8 days after injection. A similar com- 
parison of control animals at day-16 of the 
cycle and treated animals 16 days post- 
injection resulted in a significantly higher 
(P<0.025) epithelium in the basal glands of 
controls, but not in superficial glands. The 
same comparison 1-4 days postestrum indi- 
cated that only superficial glandular cells were 
higher (P<0.005) in control animals. In gen- 
eral, the trend is for untreated heifers to have 
higher glandular epithelium than those receiv- 
ing progesterone injections. This would pre- 
sumably indicate that exogenous progesterone 
reduces the secretory activity of endometrial 
glands. Asdell et al. (1949) reported that 
maximum glandular cell height in ovariectom- 
ized dairy cattle was produced by a combina- 
tion of both estrogen and progesterone injec- 
tions. This possibly indicates that exogenous 
progesterone injections in intact animals af- 
fects the proportion or levels of the ovarian 
hormones. Loy et al. (1960) proposed that 
imbalances between the ovarian hormones 
involved altered pituitary gonadotrophin se- 
cretion. Decreased pituitary FSH and LH 
potencies observed in this study would tend 
to substantiate this statement. Therefore, 
this imbalance between the ovarian hormones 
could result in a decreased secretion of 
“uterine milk”, which is generally considered 
necessary for nourishment of the developing 
blastocyst. The low conception rate observed 
could be due in part to a reduction of the 
secretory activity of endometrial glands, if it 
is assumed that fertilization after proges- 
terone treatment is normal (Ulberg, 1955). 
However, Dziuk et al. (1958), utilizing the 
biopsy technique, were unable to demonstrate 
that progesterone injections altered the his- 
tology of the uterus from that of the normal 
luteal phase. 

Cyclic changes which occur in epithelial 
cell heights were studied in tissue samples 
from the control heifers. In the three locations 
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where the epithelium was measured, the cells 
were taller at day-8 of the cycle than at either 
day-1 or day-16. This corresponds closely with 
the time of maximum luteal activity, although 
the rather sharp drop in cell height from 
day-8 to day-16 of the cycle is not readily ex- 
plainable on this basis. Weeth and Herman 
(1952) reported that luminal epithelium is 
highest at heat, whereas Marion and Gier 
(1959) state that maximum height was ob- 
served at the end of the luteal phase. Glandu- 
lar cell height was found to be taller during 
the luteal phase of the cycle by Asdell e¢ al. 
(1949) and Weeth and Herman (1952). 


Summary 


Experiments were conducted to determine 
the effect of exogenous progesterone on 
estrous response, conception rate, pituitary 
gonadotrophin content, ovarian morphology 
and endometrial epithelial cell heights of 
Hereford heifers. The trials involved a total 
of 53 heifers approximately 14-24 months of 
age. Eleven heifers received 560 mg. pro- 
gesterone followed by 750-2250 I.U. of PMS 
14 or 15 days later. Heat was observed 2~—38 
days after PMS injection, but only 12% con- 
ceived from inseminations at this estrus. A 
group of 27 heifers received a single injection 
0.76 mg. Repositol progesterone per pound of 
body weight. Nine animals were injected at 
each of the following stages of the estrous 
cycle; 0 (heat), 8 and 16 days postestrum. 
From each group 3 were slaughtered 8 days 
and three 16 days post-injection. The remain- 
ing 3 heifers in each group were slaughtered 
2-4 days after first post-treatment estrus. 
Fifteen animals acted as controls, 5 being 
slaughtered at each of the following stages; 
1, 8 and 16 days postestrum. Estrus was ob- 
served in treated animals 12-19 days post- 
injection. Pituitary FSH and LH potencies 
were significantly higher in control animals 
than in the treated group. Average corpus 
luteum diameter was also significantly greater 
in control animals, indicating that exogenous 
progesterone interfered with formation and/or 
maintenance of the corpus luteum. Cell 
heights of glandular epithelium of the en- 
dometrium tended to be higher in control 
uteri, suggesting that the endometrium of the 
treated group was possibly subfunctional. The 
lowered fertility observed following proges- 
terone treatment could be at least partly ex- 
plained on this basis. 
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RATE OF SURFACE EVAPORATION FROM THE NORMAL 
BODY SURFACE AND WITH SWEAT GLANDS 


INACTIVATED UNDER HOT CONDITIONS 
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NE of the fundamental questions con- 

cerning temperature regulation in cattle 
pertains to their efficiency in the use of sur- 
face evaporation as a means of heat loss. 
Extensive investigations by Findlay and Yang 
(1948, 1950), Findlay et al. (1950), Dowling 
(1955), and Nay and Hayman (1956) have 
established that cattle possess sweat glands 
of the apocrine type at the base of almost all 
hair follicles over the body surface. Findlay’s 
group reports that the glands in cattle have a 
poor blood supply and, therefore, they con- 
clude, a low capability for moisture produc- 
tion. Ferguson and Dowling (1955), Nay and 
Dowling (1957) and Hayman and Nay 
(1958), on the other hand, report appreciable 
rates of surface evaporation in cattle and that 
Zebu cattle sweat more than European breeds 
when exposed to high temperatures. Previous 
studies at Beltsville have also shown that 
cattle have an appreciable capability for sur- 
face evaporation, but that variation between 
animals was large (McDowell e¢ al., 1954). 
Several important problems remain unsolved; 
namely, (a) the mode of transfer through the 
skin of the water for evaporation, (b) the 
relative efficiency of various areas of the body 
in surface evaporation, (c) the persistency of 
flow under hot conditions, and (d) the effect 
of different environmental conditions on rate 
of evaporation. This paper deals with a series 
of studies designed to provide information on 
these problems. 


Methods 


Two methods were used to estimate the 
rate of surface evaporation; the capsule 
method described by McDowell et al. (1954) 
and the weight difference method long in 
use for determining evaporative losses. 

The principle of the capsule method is that 
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air is recirculated by a pump alternately 
through a capsule applied to the skin and 
through an absorber containing a saturated 
salt solution plus a few crystals of the salt to 
insure continued saturation. The air leaves the 
absorber with the same vapor pressure as the 
solution and thus has a water vapor content 
determined by the nature of the salt and 
temperature of the solution. The salt can be 
chosen to give a vapor pressure close to that 
of ambient conditions of study. The water 
vapor content of the circulating air is in- 
creased by evaporation from the body surface 
under the capsule, but this extra water vapor 
is then taken up by the saturated salt solution 
without changing its own vapor pressure. By 
weighing the absorber from time to time a 
determination can be made of the moisture 
available for evaporation. 

In the present studies the salt used was 
sodium bromide. Preliminary tests made with 
an air flow through the system of 3 1./min. 
at 105° F. gave a relative humidity of 62% 
leaving the absorber when the air entering the 
absorber varied from 67—100%. The efficiency 
of the absorber decreased when the rate of 
air flow was increased to 4 1./min. When a 
2 1./min. air flow was used, droplets of water 
accumulated in the capsule indicating insuffi- 
cient air flow to pick up all the water vapor 
produced. In view of these findings an air 
flow of 3 1./min. was used. 

All parts of the collection system were pre- 
conditioned to the control room conditions. 
Then the system was assembled and operated 
in the room, with a piece of glass tubing 
replacing the capsule, for two hours before 
collections were made. In all cases the cap- 
sules were attached to the selected areas be- 
fore the animals entered the control room. 
Immediately after entry, each capsule was 
hooked into a circuit similar to that used for 
experimental measuring to prevent accumula- 
tion of moisture before measurements were 
made. 

In the weight difference method, the total 
evaporative loss was calculated from the dif- 























ference between the weight of the animal be- 
fore entering the chamber and that at the 
end of the 24-hour period, less the recorded 
weights of urine, saliva and feces. Respiratory 
volume was measured at 3-hour intervals 
using the technique described by McDowell 
et al. (1953a.) and respiratory evaporation 
calculated according to the equation: 


R=k [v (P; — Pa) ] 


Where: R=respiratory evaporation in gm./ 
24 hr. 
k=(.00941) is the gm. of water 
vapor in one |. of air/mmHg 
water vapor pressure. 
v=calculated total respiratory vol- 
ume in 1./24 hr. 


P,=saturation vapor pressure at the 
temperature of the body taken 
as 55 mmHg for a maximum 
body temperature of 104° F. 

P,=saturation vapor pressure of the 
inspired air in mmHg (taken as 
vapor pressure of the ambient 
air) 


The difference between total and respira- 
tory evaporative losses gives an estimate of 
the body surface evaporation. This difference 
divided by the surface area of the animal 
and time gives the average rate in gm./sq. 
m./hr. 

To inactivate the sweat glands, the cata- 
phoresis procedure described by Ichihashi 
(1936), Kuno and Ichihashi (1937) and 
Pinson (1942) for incapacitating the sweat 
glands in man was used. A 50 sq. cm. rec- 
tangular piece of blotting paper saturated 
with formaldehyde was placed on a clipped 


area and covered with a copper anode of . 


similar shape and size. An indifferent cathode 
was attached to the leg and a direct current 
applied for 10 to 15 minutes. 

Only the area around the point selected 
for the capsule was clipped except in the 
cataphoresis studies when 200 sq. cm. areas 
were clipped prior to treatment. Removal of 
the hair was necessary to permit sealing of 
the flange of the capsule to the skin, but 
care was taken not to disturb the hair which 
would be under the capsule chamber. 

Depth of hair coat, the distance from the 
skin to the outer surface of the coat in an 
undisturbed state, was measured with a depth 
gauge according to the technique described 
by Lee (1953). 
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Results and Discussion 


Source of Moisture Available for Evapora- 
tion. Ichihashi (1936) and Abramson and 
Gorin (1940) showed that both acid and 
basic dyes, as well as copper ions, localized 
primarily in the sweat glands of man when 
cataphoretic current was used. Pinson (1942), 
working on man, and Shelley (1954), working 
on man and dogs, have reported evidence in- 
dicating that the formaldehyde acts on the 
secretory portion of the sweat glands and does 
not interfere with the normal transudation 
through the skin. 

Pinson (1942) reports that three treat- 
ments made at intervals of 2 or 3 days using 
a formaldehyde concentration of 5% and a 
current flow of approximately 0.3 milliam- 
peres per sq. cm. completely incapacitated the 
glands in the cataphorized area on man for 2 
to 4 weeks. These results were confirmed by 
the authors in studies on three men, but this 
treatment was not effective on the cow. 

Preliminary tests were made on two dry 
Holstein cows using three treatments made 
on alternate days with 5% formaldehyde at 
0.3, 0.6 and 0.8 milliamperes per sq. cm. and 
10% formaldehyde with a current of 0.8, 1.0 
and 1.2 milliamperes per sq. cm. Single treat- 
ments using 20 and 40% formaldehyde at 
amperages of 0.8, 1.0 and 1.2% were also 
tried. On the 4, 5, and 6th day after treat- 
ment, the capsule method was used to assay 
the output of the treated areas versus un- 
treated areas. The 5% concentration with 
low amperage (0.3 or 0.6) was effective for 
sheep but not for cattle. The 0.8 current with 
5 and 10% concentrations reduced evapora- 
tion 50% whereas the 10% concentration 
with 1.0 and 1.2 current reduced flow 70 to 
80%. The single treatments were not effec- 
tive with the 20% concentration. Although 


TABLE 1. RATE OF MOISTURE EVAPORATION 
(MG. IN 5 MIN. FROM 10 SQ. CM.) FROM UN- 
TREATED AND TREATED SKIN OF RABBITS 











AT 105° F.* 
Rabbit no. Untreated area Treated area” 
mg. mg. 

I —1.43 —2.76 

II —2.16 0.23 

Ill 0.08 0.45 

IV —0.27 0.80 

V —3.36 —2.10 

VI —0.35 0.16 





® Tests made 5 days after last treatment. 

> Three treatments made on alternate days using 10% 
formaldehyde and 1.0 amperes per sq. cm. surface; duration 
of each treatment 10 minutes. 
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TABLE 2. MOISTURE EVAPORATION IN 5 MIN. 
FROM 10 SQ. CM. OF NORMAL SKIN AND SKIN 
WITH SWEAT GLANDS INACTIVATED ON A 
RED SINDHI BULL AND A DRY, MATURE 
HOLSTEIN COW, TAKEN BETWEEN THE SEC- 
OND AND FOURTH HOUR OF EXPOSURE TO 
105° F. AND 34 mmHc VAPOR PRESSURE 

















Untreated Treated * 
Time after Fore- Fore- 
treatment chest Paunch chest Paunch 
days mg. mg. mg. mg. 
Red Sindhi bull 
Experiment 1 
5 29.8 31.7 5.9 7.0 
10 27.6 25.4 3.6 10.5 
15 32.1 31.6 13.7 11.6 
Experiment 2 
7 41.7 35.9 9.7 8.0 
15 34.7 26.1 15.8 6.0 
28 43.5 35.3 28.1 11.7 
72 35.5 33.7 33.4 34.4 
Holstein cow 
4 29.5 13.0 14.0 
5 29.5 10.0 12.0 
6 31.6 12.5 13.0 





® Three treatments of 10 minute duration made on alternate 
days using 1.0 milliamperes per sq. cm. current flow. 


the 40% concentration, single treatment, was 
effective in reducing evaporation and caused 
sloughing of the epidermis which delayed col- 
lections much longer (26-30 days), the 10% 
caused no visible change in properties or 
measurable change in evaporation when used 
on the thin skin of rabbits. Cataphoresis with 
calcium chloride was also tried, but it was 
not considered satisfactory since it dried the 
skin surface and caused sloughing of the 
epithelial layer for a long period. As a result 
of these preliminary tests, the 10% concen- 
tration with 1.0 milliamperes current in a 
series of three treatments was used for studies 
on cattle. 

To further test the effect of 10% formal- 
dehyde on the gross properties of the skin 
and the specificity of action, studies were 
made on rabbits which are devoid of sweat 
glands. The rabbits used were mature virgin 
females of mixed breeding. Using the capsule 
technique, collections were made from ad- 
jacent areas of the abdomen, treated and 
untreated, on six rabbits at 105° F. The 
values shown in table 1 are the means of 
three 5-minute collections made at half-hour 
intervals commencing one hour after exposure 
in the hot room. In some cases a slight ab- 
sorption of water occurred, but differences be- 
tween treatments and among animals in these 
tests were not significant. The treatment 
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caused some drying of the skin surface, but 
by the 5th day after treatment the treated 
area was not visibly distinguishable. Indica- 
tions are that the formaldehyde treatment did 
not affect transudation since it did not seri- 
ously interfere with the passage of water 
through the skin of the rabbit. 

Table 2 gives the results of cataphoresis 
studies made on a purebred Red Sindhi bull 
and a Holstein cow under hot conditions. In 
both experiments on the Red Sindhi bull, 
clipped areas on the left side of the forechest 
and the right side of the paunch were cata- 
phorized with 10% formaldehyde and the 
corresponding areas used as controls. The 
treated areas showed a marked reduction of 
surface evaporation in both experiments. 
Tests made 15 days or more after treatment 
indicated there was an interference with the 
evaporation of water. Tests made at 28 and 
72 days indicated that output of the treated 
areas returned to the level of the control areas 
between these periods. That the glands re- 
cover agrees with the results reported for 
man (Pinson, 1942), but the recovery period 
was longer. The series of tests with the Hol- 
stein cow also gave evidence of a consistently 
lower output from the cataphorized areas. 

Additional studies made on clipped areas of 
two sheep (table 3) showed a marked reduc- 
tion in rate of surface evaporation after 
cataphoresis with 5% formaldehyde. These 
were two-year-old mutton type wethers. 

Although the number of animals was 
limited, the cataphoresis studies indicate the 
sweat glands of cattle and sheep are active 
under hot conditions. 

Rate of Evaporation from Various Areas 
of the Normal Body Surface. Table 4 shows 
the relative evaporation rates from various 
areas on a dry Red Sindhi-Jersey crossbred 
cow in a hot room (105° F.). For these 
studies the body surface was divided into 5 


TABLE 3. MEANS OF SURFACE EVAPORATION, 
IN 5 MIN. FROM 10 SQ. CM., FROM UN- 
TREATED AND CATAPHORIZED AREAS ON 
TWO SHEEP UNDER HOT CONDITIONS 














(100° F.) * 
Untreated Treated 
Time after Fore- Fore- 
last treatment chest Paunch chest Paunch 
days mg. mg. mg. mg. 
7 21.0 21.9 10.1 To 
14 18.4 20.0 8.2 9.5 





* Treated with 5% formaldehyde for 4 treatments in 5 
days; each of 10 minute duration. 
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areas and each area subdivided into 2 to 4 
points making a total of 16 points as shown in 
figure 1. Tests were made twice per week for 
eight weeks. On each occasion measurements 
were made at half-hour intervals over a two- 
hour period commencing two hours after the 
animal was put in the control room. Only four 
points could be evaluated during any one 
test, therefore, the tests were carried out in 
four series. Each series included an evaluation 
at each point. Over the four series it was 
possible to evaluate each point at least once 
with every other point located outside its 
particular area. 

The rates for the legs (area 1) and ventral 
surface (area 2) were not significantly dif- 
ferent from each other but were significantly 
lower than the rest of the body (table 4). 
The evaporation rate from the dewlap (area 
3) was intermediate. The rates from the neck 
(area 4) and trunk (area 5) were about 
equal, but much higher than for the legs and 
ventral surface. The latter are the areas which 
usually appear damp to the eye in Jerseys 
and especially in Sindhi-Jersey crosses. 

Test series number 4 (table 4) gave values 
lower than for the earlier series. This was 
associated with changes in ambient conditions 
to which the animal was exposed between 
tests. The test periods ran from mid-August 
to mid-October. The last series was done at 
a time when night temperatures had dropped 
to between 30—40° F. This is consistent with 
the seasonal variation reported previously by 
McDowell et al. (1953b). 

Studies on larger groups of cows (table 5) 
tend to confirm the findings regarding the rate 
of evaporation from various areas. In these 
studies collections were made on the forechest 
of all 45 animals, but observations on the 
paunch and dewlap were divided in each breed 
group. There was no significant difference be- 
tween the rates on the forechest and paunch, 


TABLE 4. MEAN RATE OF EVAPORATION 
FROM FIVE AREAS IN FOUR SERIES OF TESTS 
ON A SINDHI-JERSEY (F:) COW IN A HOT 
ROOM (105° F., 34 mmHc VAPOR PRESSURE) 











Area 2 
Test Areal ventral Area3 Area4  AreaS 
no. legs surface dewlap neck trunk 
mg. mg. mg. mg. mg. 
1 15.9 20.3 28.0 32.9 33.1 
2 14.4 4333 29.4 38.9 38.7 
3 14.3 14.9 36.3 44.1 39.0 
4 7.6 4.8 28.5 32.8 28.1 
x 13.1 13.3 30.6 37.2 34.8 








Figure 1. Location of 16 points used in de- 
termining the rate of evaporation from various 
areas of the body surface. 


but that of the dewlaps of Jerseys and crosses 
were lower (P<.10). 

Breed differences were not significant for 
evaporation rate in any of the three areas but 
differences between cows within breed were 
highly significant. The means suggested a pos- 
sible area by breed interaction, but this was 
not statistically significant. There were small, 
non-significant correlations between depth of 
hair coat and evaporation rate, both among 
cows and between areas within cows. These 
studies were conducted during the summer in 
order to minimize the variation in hair coat 
depth. 

Persistency of Flow Rate under Hot Con- 
ditions. In most of the studies with the cap- 
sule technique, observations were taken at 
intervals of 14 to 1 hour over a period of 2% 
hours between the second and fifth hours of 
exposure. During that period evaporation 
rates tended to increase slightly with time, 
but time trends were not significant. The mean 
evaporation rate for two body areas (fore- 
chest and paunch) of 20 cows was 51.0, 50.8, 
54.7 and. 53.7 mg. (10 sq. cm. in 5 min.) at 
2, 2%, 3% and 4 hours, respectively, after 
exposure to hot conditions. Differences be- 
tween means as well as the interaction of 
cows x times were not significant. These ob- 
servations indicate that once sweating is 
initiated in the cow it continues at a very 
uniform rate, which is contrary to the general 
theory of the mode of operation of the ap- 
ocrine type sweat gland described by Shelley 
and Hurley (1953). This evidence suggests 
the sweat glands of the cow might not be of 
the apocrine type. Brooks and Short (1960) 
report similar results with sheep. 

‘In the analysis of the data on the paunch 
and forechest, there were definite differences 
between cows in rate of evaporation but not 
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TABLE 5. MEAN EVAPORATION RATE (MG. IN 5 MIN. FROM 10 SQ. CM.) AND HAIR 
COAT DEPTH * OF JERSEY AND SINDHI-JERSEY CROSSBRED COWS IN A 
HOT ROOM (105° F., 34 mmHo VAPOR PRESSURE) 











Point No. of Jersey Coat No. of Sindhi-Jersey Coat 

location animals evaporation rate depth animals evaporation rate depth 
mg. in. mg. in. 

Forechest 25 45,122.67” 0.127 20 50.15+3.34 0.128 
Paunch 18 48.5342.10 0.134 14 48.46+3.70 0.114 

Dewlap 7 38.9324:3.27° 0.074 6 26.40+2.77 0.118 





® Depth of hair coat underneath capsule. 
» Standard deviation of mean. 
© Ventral neck surface. 


between the two areas. This is reflected in 
the fact that the cow x area interaction was 
significant, showing that area comparisons 
were not consistent from one cow to another. 

Effect of Different Environmental Condi- 
tions on Rate of Evaporation. Evidence that 
the rate of surface evaporation in the cow is 
related to air temperature was reported by 
McDowell e¢ al. (1954). Further studies to 
determine the rate of surface evaporation in 
relation to changes in air temperature and 
humidity were made using three dry, open, 
mature Holstein cows on maintenance level 
of feeding. The group was subjected for 24- 
hour periods in the control chamber to a series 
of temperatures at low and high relative 
humidity (table 6). Estimates of evaporative 
losses were made using the weight difference 
method. 

The means of the total, respiratory, and 
surface evaporation for the dry and humid 
conditions are given in table 6. While varia- 
tions in the proportion of surface evaporation 
increased with increasing temperature under 
dry conditions (20% humidity), there was no 
marked change in respiratory evaporation. At 
80% humidity the rate of surface evapora- 
tion increased with increasing temperature up 
to 91° F., then decreased. At 95° F., it ap- 
pears that vapor pressure hindered the rate 
of surface evaporation but had little effect on 
respiratory evaporation. In this study surface 
evaporation losses were continually greater 
than respiratory, but the differences were more 
marked under dry than humid conditions. 
Yeck (1960) reports similar results with 
lactating Holstein cows. 

The within-cow correlation between surface 
evaporation and dry bulb temperature was 
high (0.76) and significant. There was also 
a significant (P<.05) negative relationship 
(—.47) between surface evaporation and 
humidity. Multiple regression analyses indi- 
cated that dry bulb temperature and relative 


humidity accounted for 60% of the variation 
in surface evaporation within cows. Dry bulb 
temperature was, however, the more impor- 
tant (b’=0.866 versus —.116). The changes 
in rate of surface evaporation show this is a 
major response of the cow to hot conditions. 

From these studies there are indications 
that: (1) the sweat glands found in histo- 
logical sections of the skin of cattle provide 
the greater part of the moisture available for 
evaporation; (2) the trunk of the cow has a 
uniformly higher rate of evaporation than the 
appendages; (3) once the thermo-equilibrium 
is reached, the rate is quite uniform for pe- 
riods of at least 2%4 hours; (4) differences 
among cows within breed are important in 
surface evaporation; and (5) rate of surface 
evaporation is influenced markedly by both 
air temperature and humidity. 


Summary 


Data are presented to show the role of the 
sweat glands of cattle and sheep in surface 
evaporation; the relative efficiency of various 
areas of the body in surface evaporation; the 


TABLE 6. MEAN SURFACE, RESPIRATORY 
AND TOTAL EVAPORATIVE LOSSES PER 
HOUR FOR THREE HOLSTEIN COWS WHEN 
EXPOSED TO HIGH AND LOW HUMIDITY AT 
VARIOUS AIR TEMPERATURES * 














Evaporation 
Airtem- Relative 
perature humidity Total Surface Respiratory 
wae 2 % g./sq.m. g./sq.m. g./sq.m. % 
86 28 137.5 81.8 55.7 40.5 
104 20 202 .6 150.7 §2.5 25.9 
109 20 205.8 142.5 63.3 30.8 
113 20 277.9 213.8 64.6 23.2 
83 82 105.4 67.7 37.4 35.5 
86 80 116.8 68.7 48.1 41.2 
91 80 224.3 171.9 52.3 23.3 
95 80 155.4 101.0 54.4 35.0 





* Average surface area 5.72 sq.m.; average body weight 
716 kg.; duration of exposure 24 hours for each test. 














persistency of flow under hot conditions; and 
the effect of changes in temperature and 
humidity on surface evaporation in the cow. 

Estimates of the rate of surface evapora- 
tion were obtained by capsules applied to the 
body surface or by carefully measured changes 
in body weight. 

Tests made on rabbit skin, which is devoid 
of sweat glands, gave no evidence that the 
cataphoresis with formaldehyde made visible 
changes in the characteristics or the transu- 
dation capability of the skin. When untreated 
areas of skin on cattle and sheep were com- 
pared to areas with the sweat glands inac- 
tivated by cataphoresis with formaldehyde, 
indications were that the major portion of 
the substance available for evaporation on 
the surface of the skin under hot conditions 
came from the sweat glands. 

Repeated observations on 16 points of the 
body and appendages of a cow showed that 
rate of surface evaporation from the trunk 
and neck were about equal, the dewlap inter- 
mediate and that from the legs and ventral 
body surface significantly less than for the 
trunk. 

Ambient conditions to which the animal 
was exposed between high temperature ex- 
posures appeared to have an effect on the 
rate of evaporation. 

In studies made on 25 Jersey and 20 Red 
Sindhi F, crossbred cows, breed differences 
were not significant for evaporation rate in 
any of three areas used, but differences be- 
tween cows within breed and the cow x area 
interaction were highly significant. There was 
a small negative correlation between depth of 
hair coat and evaporation rate. 

Measurements made at intervals of 1% to 
1 hour under hot conditions revealed that 
once sweating was initiated in the cow it 
continued at a very uniform rate which is 
contrary to the general theory of the mode 
of action by apocrine type sweat glands. 

Under dry conditions (20% humidity), 
the rate of surface evaporation increased with 
increasing temperature from 86—113° F., but 
there was no marked change in respiratory 
evaporation. At 80% humidity surface evap- 
oration increased at temperatures 83-91° F., 
but decreased at 95° F. 

Rate of surface evaporation had a highly 
significant positive correlation with air tem- 
perature (0.76) and a significant negative 
relation to humidity (—0.47). Dry bulb tem- 
perature and relative humidity accounted for 
60% of the variation in surface evaporation 
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within cows, but temperature was the more 
important. 
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1. EFFECTS OF DIFFERENT LEVELS OF 
TETRA ALKYLAMMONIUM STEARATE IN 
CREEP RATIONS FOR LAMBS ON WINTER 
GRAZING. R. L. Wilson, W. A. Case, R. L. Ed- 
wards and D. H. Kropf, South Carolina Agricul- 
tural Experiment Station, Clemson. 

Seventy-six lambs sired by mutton-type rams and 
out of grade fine-wool ewes were used in this two- 
year study. The control ration (A) consisted of 55% 
corn, 35% oats, and 10% soybean oil meal. Dynafac 
premix (containing 20% of the chemobiotic tetra 
alkylammonium stearate) furnished by Armour and 
Company, Chicago, Illinois, was included in the ex- 
perimental rations B and C at the rates of 0.5 gm. 
and 1.0 gm. per pound of feed, respectively. The ra- 
tions were pelleted, using a 3/8 inch die, and fed free 
choice. Three forage plots of oats were used as winter 
grazing. The lambs were allotted to experimental 
groups by weight, sex, and breeding. Since lambs 
remained with ewes, it was necessary to assign twins 
together. Within these restrictions, assignment to 
groups was at random. The test began in the fall 
of each year, and individual lambs were removed 
as they reached the predetermined weight of 90-95 
Ib. These lambs were on test an average of 140 days. 
There was no significant effect of tetra alkylam- 
monium stearate on daily gain, feed efficiency, dress- 
ing percentage, carcass cooler shrinkage, carcass spe- 
cific gravity, thickness of fat over Longissimus dorsi 
at 12th rib, Longissimus dorsi area, carcass length, 
carcass grade, percentage liver and percentage pelt. 
Carcasses from animals receiving ration B were 
found to have a significantly shorter hind leg than 
those on rations A and C. There were no death losses 
during the first year of the trial; during the second 
year two lambs on the basal ration died of entero- 
toxemia. 


2. FATTENING LATE SPRING LAMBS DURING 
THE SUMMER UNDER NORTH GEORGIA 
CONDITIONS. M. W. Neathery, Georgia Moun- 
tain Experiment Station, Blairsville. 

Forty-five late spring Hampshire lambs averaging 
approximately 60.0 lb. were sheared and randomly 
divided into three lots for a 70-day feeding period. 
Five lambs of each lot were drenched with pheno- 
thiazine, five were drenched with Ruelene at the 
rate of 121.5 mg. per kg. of body weight, and five 
were not treated and served as controls. Lot 1 
grazed orchard grass—ladino pasture. Lot 2 grazed 
similar pastsure but received cracked corn free choice. 
Lot 3, the dry-lot group, received a mixed ration 
containing ground alfalfa hay (39.5%), oats, corn, 
alfalfa leaf meal, soybean meal and salt. Lambs on 
lots 1 and 2 were rotated periodically between two 
one-acre paddocks to insure relative new growth of 
grass during each grazing period. Lambs in lot 2 
consumed an average of 1.96 Ib. of corn daily. The 
dry-lot group consumed 3.14 Ib. of the mixed ration 
daily. Average daily gain, slaughter grade and car- 
cass grade were 0.30 Ib., good, low good; 0.47 Ib., 
Jow prime, high choice; and 0.43 lb., high choice and 
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choice for lots 1, 2, and 3, respectively. Lots 2 and 3 
gain significantly faster and graded significantly 
higher (P<.01) than lot 1. There was no significant 
difference in rate of gain, slaughter or carcass grade 
of lambs receiving the three different methods of 
parasite control. No ration X parasite treatment in- 
teraction was found. Average net return per lamb 
was $0.24, $3.78, and $0.55 for lots 1, 2, and 3, 
respectively, net return being selling price less lamb, 
feed and slaughter costs. 


3. CARCASS CHARACTERISTICS OF SPRING 
LAMBS GRAZED ON WINTER TEMPORARY 
PASTURES WITH AND WITHOUT SUPPLE- 
MENTAL FEEDING. H. C. McCampbell, D. M. 
Baird, W. E. Neville and O. E. Sell, Georgia Ex- 
periment Station, Experiment. 

In two years, 72 and 95 lambs were allotted the 
day following birth on a basis of sex, sire and type 
of birth into 5 lots and finished with or without 
grain supplement on winter temporary pasture. In 
year I all lambs were weaned at 45 Ib. (early weaned) 
and continued on test until market weight. The 
treatments were (1) pasture alone, (2) 1+sh. corn 
creep, (3) 1-+-mash creep, (4) 1+pelleted mash and 
(5) 2+3 mg. stilbestrol implant. There were no sig. 
diff. in dressing %, outside fat color, fat over ribeye 
or marbling. Carcass grades were (1) 11.3, (2) 12.6, 
(3) 13.6, (4) 12.9 and (5) 12.3. Sig. diff. in carcass 
grades (P<.01) were found between 3 and 1. In 
year II carcasses were studied from the following 
treatments (1) pasture alone, weaned at market wt., 
(2) pasture alone, weaned at 45 lb., (3) 2-+mash 
creep, (4) 2-+-pelleted mash and (5) 2+3 mg. stilb. 
implant. Diff. were not sig. between treatments in 
outside fat color, fat over ribeye, marbling and a 
ratio of ribeye area per 100 lb. cold carcass wt. 
Av. dressing % and carcass grades for the treatment, 
respectively were (1) 49.0, 13.8, (2) 46.5, 12.9, (3) 
50.2, 14.9, (4) 47.9, 14.5 and (5) 47.7, 14.3. Sig. 
diff. (P<.01) in dressing % was found between 
treatments 1 and 2, 2 and 3 and 3 and 5. Sig. diff. 
(P<.05) in carcass grades were between 2 and 3, 
2 and 4 and 2 and 5. Creep feeding of early weaned 
lambs tended to produce higher carcass grades with 
small diff. in other carcass characteristics compared 
with non creep fed lambs. 


4. EFFECTS OF OVARIAN HORMONES ON THE 
PERFORMANCE OF LAMBS GRAZED ON 
WINTER PASTURE. Bryan Baker, Jr., R. A. 
Edgar and Sidney J. Long, Mississippi State 
University, State College. 

The purpose of this study was to determine the 
effects of diethylstilbestrol and Synovex treatments 
on gains and live grades of western feeder lambs. 
Data from three experiments involving 1,814 western 
feeder lambs grazed on pasture, covering three win- 
tering periods, were analyzed in this study. Diethyl- 
stilbestrol produced a significant increase in rate of 
gain in the first experiment and a highly significant 
increase in the second one. Synovex-treated lambs 














in both of these experiments had a highly significant 
increase in rate of gain. In experiment 3, diethyl- 
stilbestrol produced a significant increase in rate of 
gain in the first trial, a highly significant increase 
in the second trial, and an increase which approached 
significance in the third trial. Live grade of lambs 
was not affected by either of the hormone treatments. 
Wether lambs gained faster than ewe lambs; but both 
sexes responded similarly, as measured by rate of 
gain, to diethylstilbestrol treatment. Pasture differ- 
ences occurred and were expected due to differences 
in locations, soil types, and climatic conditions. No 
adverse side effects were noted in the hormone-treated 
lambs. 


5. GROWTH AND FEEDING PERFORMANCE 
OF YOUNG RAMS FED VARIOUS PURIFIED 
RATIONS. T. N. Meacham, T. J. Cunha, A. C. 
Warnick, P. E. Loggins and J. F. Hentges, Jr., 
University of Florida, Agricultural Experiment 
Station, Gainesville. 

Twenty crossbred ram and eight crossbred ewe 
lambs were used in three six-week feeding trials to 
study performance on various purified rations. In 
Trial 1 the rams were randomly divided into five 
lots of four and individually fed and watered. Lot I 
received basal purified ration composed of corn 
starch 28%, corn sugar, 19.45%, corn oil 4%, urea 
4%, cellulose 30%, methionine (hydroxy analogue) 
0.55%, 13 essential minerals in carrier 10%, vitamins 
A, D, E, C, K and 10 B-complex in carrier 4%. Lot 
II, basal plus 3 gm. lysine/head/day. Lot III, basal 
with 20% cellulose. Lot IV, basal with % nitrogen 
from soya protein and % from urea. Lot V re- 
ceived corn, cottonseed meal and Bermuda-grass 
hay. A.D.G. for Lots I through V_ were: 0.15, 
0.14, 0.07, 0.24 and 0.22 lb., respectively. Daily feed 
intake/head for these lots was 2.28, 2.29, 2.18, 2.43 
and 2.92 lb., respectively. In Trial 2 the 16 rams fed 
purified rations in trial 1 were stratified into four 
lots according to previous treatment. Lot I received 
same basal ration. Lot II, basal without B-complex 
vitamins except choline. Lot III, basal with 10% 
cellulose. Lot IV, basal with soya protein instead 
of urea. A.D.G. for Lots I through IV were 0.17, 
0.24, 0.08 and 0.30 Ib., respectively, and feed intake 
was 2.34, 2.46, 1.70 and 2.59 lb., respectively. A 
trial with ewe lambs showed that addition of cho- 
line increased rate of gain (P<.05). Hemoglobin 
values obtained at start and end of each trial re- 
vealed no treatment effect. : 


6. DEAMINATION STUDIES OF LYSINE IN 
THE RUMEN OF SHEEP. L. D. Williams, Alice 
W. North, H. W. Colvin and P. R. Noland, Uni- 
versity of Arkansas, Fayetteville. 

Three levels (0, 10, and 15 gm. per day) of buf- 
fered 1-lysine were introduced directly into the 
rumen of four ewes fitted with permanent cannulas 
and fed a 3.4% protein test diet. Hourly blood and 
rumen samples were taken and analyzed for am- 
monia, urea, total nitrogen and NPN. With the 
exception of blood urea the peak in concentration 
for each of these compounds was attained from 1 
to 3 hours after feeding. Blood ammonia was con- 
stant for 24 hr. post-feeding. Rumen liquor ammonia 
concentration was greatest when the animals were 
fed the 13.6% protein basal ration. The 15-gm. level 
of lysine increased rumen ammonia concentration 
more than either the 0- or 10-gm. level, indicating 
deamination. Blood urea was slightly higher at the 
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15-gm. level of lysine than either the O- or 10-gm. 
level, but the basal diet produced a higher concen- 
tration than any of the lysine levels. The NPN in 
the rumen liquor was distinctly higher at the 15-gm. 
level of lysine than at the other levels, including the 
basal diet. The total nitrogen in the rumen liquor 
increased as the level of lysine was increased but 
the concentration of nitrogen with the basal diet 
exceeded that of the other treatments. In digestibility 
tests with two lambs, the toxic level of lysine was 
found to be about 30-gm. per day. Fecal lysine ex- 
cretion was constant and independent of dietary in- 
take. Digestibility of crude fiber was depressed at the 
30-gm. level of intake. 


7. SOME FACTORS INFLUENCING GROWTH 
OF MILK FAT SPRING LAMBS. C. J. Brown 
and Samuel Sabin, University of Arkansas, 
Fayetteville. 

In each year of the period between 1952 and 
1959 inbred rams from two Hampshire lines of 
sheep were mated to a group of inbred Hampshire 
ewes of the same line and to a group of southwestern 
range Columbia x Rambouillet ewes. There were 121 
inbred lambs and 132 crossbred from these matings 
with complete preweaning growth records. These data 
were studied in a series of least squares models to 
determine the effects of line, sex, sex-line interaction, 
type of birth, and age of dam on birth weight, 30- 
day weight, 120-day weight and days required to 
reach 60 Ib. Models used to study growth of inbred 
lambs also included inbreeding of dam and inbreeding 
of lamb. Differences due to sex and line were not 
significant for any of the measures of growth. An 
apparent sex-line interaction in the unadjusted weights 
was significant only in the case of days required by 
inbred lambs to reach 60 Ib. Type of rearing and 
age of dam were significant sources of variation. 
At 120 days of age inbred twin lambs were 8 Ib. 
lighter and crossbred twin lambs were 7 Ib. lighter 
than single lambs; twins raised as singles did not 
differ significantly from singles. Lambs from young 
ewes (2 and 3 yr.) were 5 Ib. lighter in the case of 
inbreds and 8 Ib. heavier in the case of crossbreds 
than lambs from mature (4, 5, and 6 yr.) ewes. 
Lambs from older ewes (over 7 yr.) did not differ 
significantly in weight from mature ewes. Inbreeding 
of lamb and inbreeding of dam were not significant 
sources of variation although the partial regression 
coefficients indicated a slight decline in growth as- 
sociated with increased inbreeding of both lamb and 
dam. 


8. EVALUATION OF AN INBRED LINE OF 
HAMPSHIRE SHEEP. R. O. Carter, R. C. 
Carter, J. A. Gaines and C. M. Kincaid, Virginia 
Agricultural Experiment Station, Blacksburg. 
Six inbred lines of Hampshire sheep were estab- 

lished by sire x daughter matings, 1947-49. Five lines 

were culled for small numbers or poor performance 
by 1951. The remaining line continued to 1959 was 
tested by linecrossing with another inbred line and 
topcrossing on grade flocks. Average inbreeding in- 
creased from 25 to 38% in the breeding flock and 

28 to 56% in the lambs from 1950 to 1959. Average 

performance inbreds vs. non-inbred controls for the 

10 years was, respectively, lambs weanéd/ewe bred 

0.62 and 0.74; birth wt. 9.6 and 10.7 Ib.; gain, birth 

to weaning 0.55 and 0.63 Ib./day; 120-day wt. 73 

and 87 Ib.; slaughter grade 13.2 (choice) and 15.5 

(prime); type score 11.6 (choice minus) and 13.8 
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(choice plus). Linecrosses were superior to inbreds 
and controls in lambs raised, and to inbreds in all 
other traits except type score. Twelve pairs of in- 
bred and non-inbred rams were topcrossed on grade 
ewes. Averages of flocks mated to the inbred and 
non-inbred rams were, respectively, lambs weaned/ewe 
bred 1.1 and 1.2; birth wt. 11.3 and 11.4 lb.; gain 
0.60 and 0.64 lb./day; 120-day wt. 86 and 89 lb.; 
slaughter grade 12.9 (choice) and 13.8 (choice plus) ; 
carcass grade 12.4 (choice minus) and 12.9 (choice) ; 
dressing percentage 50.4 and 50.8. Grade ewes sired 
by the inbred and non-inbred rams were compared. 
Averages for the inbred and non-inbred sired ewes, 
respectively, lambs weaned/ewe bred 1.2 and 1.2; 
birth wt. 11.0 and 11.2 lb.; gain 0.62 and 0.65 
Ib./day, 120-day wt. 86 and 91 lb.; slaughter grade 
13.2 (choice) and 14.0 (choice plus); carcass grade 
10.2 (good) and 10.7 (good plus) ; dressing percentage 
49.0 and 49.7. 


9. THE EFFICACY OF TWO FORMULATIONS 
OF AN ORGANO-PHOSPHATE IN THE CON- 
TROL OF GASTROINTESTINAL PARASITES 
OF SHEEP. H. Ciordia, W. E. Bizzell and D. M. 
Baird, Georgia Experiment Station, Experiment. 

Three tests were conducted with two formulations 

of 4-tert-butyl-2-chlorophenyl methyl methylphos- 
phoramidate (Ruelene-Dow Chem. Co.). In Test I, 
27 mature ewes were allotted on the basis of egg 
counts into the three following lots: (1) control, (2) 
150 mg./kg. of body weight Ruelene (M-1560) 
drench, and (3) phenothiazine drench. Comparisons 
with the control showed a 95% reduction in the num- 
ber of eggs after treatment with Ruelene and 47% 
reduction with phenothiazine. Test II consisted of 
three groups of six lambs, each treated as in Test I. 
Necropsies of all animals were performed. By com- 
paring the total worms recovered from the Ruelene 
and the phenothiazine groups with that of the 
control group it was observed that the percentage 
reduction averaged 75 and 25 for O. ostertagi, 80 
and 40 for T. axei, 25 and 3 for H. contortus, 85 
and 51 for 7. colubriformis, 75 and 4 for C. on- 
cophora and punctata, and 100 and 66 for Nema- 
todirus spp. In Test III, 21 ewes were treated as 
follows: (1) control, (2) 125 mg./kg. of M-1560, 
and (3) M-1782 drench at the rate of 1 ml./5 lb. 
of body weight. The number of eggs counted 7 and 
14 days after treatment showed a reduction of 99% 
for the M-1782 group and a reduction of 76% for 
the M-1560 group. Egg counts made 63 days after 
treatment were about 6 times higher for the two 
treated groups than for the control group. No weight 
changes or toxic effects were seen. 


10. EFFECT OF SYSTEMIC ANTHELMINTICS 
AND PASTURE SPRAYING UPON INTER- 
NAL PARASITE INFESTATION IN GRAZ- 
ING CATTLE. N. W. Robinson, C. R. Carter, 
J. J. Hamilton and D. M. Johns, North Louisi- 
ana Hill Farm Experiment Station, Homer, and 
Ruston Diagnostic Laboratory, Ruston, Lou- 
isiana. 

Two compounds having anthelmintic activity were 
successfully used in lowering parasitic infestation, 
increasing hemoglobin and CPV values in yearling 
beef cattle razed on Coastal Bermudagrass pastures. 
Forty-eight animals were allotted in groups of eight 
to 4-acre pastures. Products used were Ruelene 1609 
(4-tert-butyl-2-chlorophyenyl methyl methylphos- 
phoromidate) and Korlan 44E, (0, 0-dimethyl, 0-2, 4, 
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5-trichlorophenyl phosphorothioate) produced by 
Dow Chemical Company. Treatments were as fol- 
lows: Lot 1-untreated; Lot 2-Ruelene at the rate of 
50 mg. per kg. of body..weight; Lot 3-Ruelene, 75 
mg. per kg. of body weight; and Lot 4-Ruelene, 150 
mg. per kg. of body weight. The Ruelene was mixed 
with an equal amount of water and poured on the 
backs of the animals. Lots 5 and 6 were grazed on 
pastures sprayed with 3 Ib. and 5 lb., respectively, 
of Korlan 44E. Soil test values were established and 
fertilizers applied to each pasture. Traps were placed 
in each pasture from which forage clippings were 
taken for yield data and chemical analysis. Periodic 
soil and tissue samples were taken and larvae and 
egg counts made. Animals were weighed at 28-day 
intervals and fecal and blood samples collected. 
Representative animals were necropsied at the end 
of the grazing period and total worm counts made. 
Animals in Lot 4 had the lowest infestation of 
larvae and eggs. Ruelene was effective against 
Haemonchus and Ostertagia and to a lesser extent 
against Trichostronglus and Oesphagostomum. No 
undesirable side effects were observed. 


11. EFFECT OF TWO SYSTEMIC INSECTI- 
CIDES FOR THE CONTROL OF CATTLE 
GRUBS. D. M. Baird, H. C. McCampbell, H. 
Cirodia, W. E. Bizzell and P. E. White, Georgia 
Experiment Station, Experiment. 

Five tests were conducted over a three-year period. 
The 363 winter-born (Dec.—Feb.) nursing calves were 
treated at the end of the heel fly season (July—Aug.). 
Grub counts were made each year throughout the 
winter (Dec.Feb.). Test I consisted of 35 control 
calves and 22 calves treated with a 15-g. bolus of 
Trolene (Dow Chem.). Grub incidence was low, 
averaging 1.03 grubs per calf in the control and 
0.27 in treated calves, a 74% reduction. Test II 
consisted of three lots of 20 calves, (1) control, (2) 
15-g. of Trolene in mid-July and (3) 15-g. Trolene 
in mid-August. The av. number of grubs per animal 
at peak emergence and the percent reduction were 
3.1, 0.2 (99%) and 0.60 (81%), respectively. In 
Test III, 102 calves were divided into four lots, (1) 
control, (2) 0.27% Ruelene (Dow Chem.) spray, 
(3) 0.405% Ruelene spray and (4) 0.54% Ruelene 
spray. The av. number of grubs per animal at peak 
emergence and the percent reduction for the lots 
were 2.40, 0.85 (65%), 0.12 (95%) and 0.12 (95%), 
respectively. There was no reduction in the number 
of nematode eggs in the treated lots. Tests IV and 
V, using 84 and 57 calves, were conducted to com- 
pare two “pour-on” formulations of Ruelene with 
a spray application of the drug. The three methods 
of application of two systemic insecticides proved 
effective in the control of cattle grubs with no 
noticeable side effects. In Test V there was an ap- 
parent reduction in the number of gastrointestinal 
nematode eggs 10 days after treatment. Spraying 
with this systemic insecticide had about the same 
value for horn fly control as a residual spray. 


12. EFFECT OF NUMBER OF PIGS FARROWED 
PER LITTER ON NUMBER WEANED, 
BIRTH WEIGHT AND WEANING WEIGHT. 
S. P. Wilson, J. A. Whatley, Jr. and R. B. Har- 
rington, Oklahoma Stc'= University and Re- 
gional Swine Breeding Laboratory, ARS., 
U.S.D.A. 

Farrowing and weaning data from 783 litters, 
representing the OK8 (Duroc) and OK9 (Beltsville 











No. 1) lines and a group of 8 x 9 crossbreds, were 
analyzed to study the relation between litter size 
farrowed and birth and weaning performance. A 
curvilinear regression analysis revealed that the 
existing associations between number of pigs far- 
rowed and number weaned, and number farrowed 
and litter weight at weaning were certainly of a non 
linear nature. However, fitting these data to a 
higher degree polynomial than quadratic resulted 
in only a very slight decrease in the average devia- 
tion from fit. The number of pigs weaned per litter 
increased as the number of pigs farrowed increased 
to a maximum of about 8 pigs weaned from litters of 
11 to 14 pigs farrowed. Litters of 15 to 18 pigs 
farrowed resulted in fewer pigs weaned than litters 
of 11 to 14 pigs farrowed. The higher mortality in 
the larger litters was probably due to decreased birth 
weights of pigs and limitations of sows in nursing 
large litters. Litters of 11 to 14 pigs farrowed gave 
optimum numbers of pigs and litter weights at wean- 
ing. The relationship between number farrowed and 
litter weight at farrowing proved to be almost linear, 
as the average deviation from quadratic proved to 
be only, slightly less than the average deviation from 
linearity. Individual pig weights at farrowing and 
weaning were maximum in the smaller litters far- 
rowed, although weaning weights were satisfactory 
even in the largest litters farrowed. 


13. EFFECT OF INBREEDING ON SOME 
TRAITS IN SWINE. E. G. Godbey and W. C. 
Godley, South Carolina Agricultural Experiment 
Station, Clemson. 

Six hundred and fifty-nine purebred Berkshire 
pigs produced in 73 litters were used to study the 
effect of inbreeding on weight, length, height, size 
of bone, heart girth, depth of body and spring of 
ribs at birth and at 56 days of age. Other factors 
studied were litter size at birth and at weaning, 
number of pigs that died the first 3 days, number 
that died the 4th through 7th day and those that 
died after the first week. Inbreeding ranged from 
0 to about 60%. Constants obtained by least squares 
analyses were used to adjust the weights and meas- 
urements for year, season, sex, age of dam and size 
of litter. As inbreeding increased, there was a de- 
crease in size of all weights and measurements. The 
number of pigs raised per litter decreased and the 
number of pigs born dead increased significantly 
as the coefficient of inbreeding increased. The weights 
at birth and at 56 days of age were highly correlated 
with the measurements taken at the same periods. 
There was a significant positive relationship between 
the weights and measurements at birth with the 
same traits at 56 days of age. 


14. EFFECTS OF SIRES AND LINES OF BREED- 
ING ON SOW PRODUCTIVITY. S. P. Wilson 
and J. A. Whatley, Jr., Okiahoma State 'Uni- 
versity and Regional Swine Breeding Laboratory, 
A.R.S., U.S.D.A. 

A study of 1099 litters, representing four purebred 
lines and one crossbred group, was conducted to de- 
termine if differences in sow productivity exist be- 
tween lines and between sire groups within lines. 
Interactions between sires of dams and breeding of 
dams, purebred or crossbred, were also studied. Sow 
productivity was determined by number of pigs 
farrowed and weaned per litter and litter weight at 
farrowing and weaning. In some cases significant 
differences were found between lines and between 
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lines within seasons. However, in many of these 
cases Season x Line interactions were significant or 
approached significance. In no comparison was one 
line better than another, in all seasons, for any one 
trait. No consistent, season by season, response to 
selection was shown by any line, for any trait studied. 
From an analysis of 267 crossbred gilts there was 
some indication that sire of dam exerted a significant 
effect on number of pigs farrowed per litter (P<.10) 
and litter weight at farrowing (P<.25). Sire of dam 
had no effect on number weaned per litter or litter 
weight at weaning. In some of the 96 sire groups 
there were gilts that were full sibs. This tended to 
bias upward the Sire of Dam component. It was 
found, from an interaction study, that sire rankings 
were not consistent when they were based on the 
production of three crossbred daughters per sire and 
then three to six purebred daughters per sire. This 
inconsistency was probably due to a combination of 
low heritabilities of the traits involved and few 
daughters per sire. 


15. COPPER AVAILABILITY TO SWINE. R. G. 
Buescher, S. A. Griffin and M. C. Bell, UT-AEC 
Agricultural Research Laboratory, Oak Ridge, 
Tennessee. 


Nine crossbred barrows were each orally dosed with 
2 mc. of Cu”. Three barrows were dosed with labeled 
copper carbonate, three with labeled copper oxide, 
and three with labeled copper sulfate. Seven days 
later a second trial was conducted with the same 
barrows, each receiving a different source of copper. 
Blood and plasma concentration of Cu“ was similar 
for the three treatments throughout the 96-hour 
metabolism study. The major portion of the Cu™ 
in the blood was contained in the plasma. There 
were no differences in fecal output of Cu*. The pigs 
receiving copper carbonate excreted the greatest 
(P<0.01) amount of Cu” in the urine. The total 
urinary excretions of Cu™ was 3.4, 14 and 1.0%, 
of the oral dose for copper carbonate, sulfate and 
oxide, respectively. Retention of Cu” was relatively 
high, 35.1, 34.4 and 36.2% for copper carbonate, 
sulfate and oxide, respectively. The availabilities of 
the three forms of inorganic copper for swine were 
similar. The pigs averaged 35 lb. initially and were 
fed a corn-soybean meal ration containing no added 
copper. The pigs were on a 17-day preliminary period 
before the first metabolism study. 


16. BIOCHEMICAL OBSERVATIONS ON PIGS 
WITH PARAKERATOSIS. I. P. Earle, R. N. 
Brake, R. B. Briese, J. W. Gilbert, D. P. Morgan 
and J. W. Stevenson, U.S.D.A., A.R.S., Animal 
en Research Division, Beltsville, Mary- 

nd. 


Results are reported of observations on blood 
chemistry, on alkaline phosphatase activity of tissues 
and on the allantoin-uric acid ratio in the urine, which 
were made on two series of pigs used in studies of 
parakeratosis. The first series consisted of pigs fed 
for 6 weeks on diets varied with respect to calcium, 
zinc and supplementary versene. Four parakeratotic 
animals from this series and their litter-mate con- 
trols were studied for an additional 5 weeks to 
observe effects of supplementary versene on pigs 
already parakeratotic. The second series consisted of 
four pigs which had unexpectedly become parakera- 
totic on a conventional diet and four litter mate 
controls on a “normal” diet. These pigs were fed for 
4 weeks on the parakeratosis-producing diet with 
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and without supplementary zinc. The following tenta- 
tive conclusions have been drawn from the data 
obtained: 1. Alkaline phosphatase activity in serum 
appears to be very sensitive to dietary zinc, increasing 
in animals shifted from a low zinc diet to a high zinc 
diet, and decreasing in animals shifted from a 
“normal” diet to a parakeratotic diet. 2. Alkaline 
phosphatase activity in small gut, liver and kidney 
appears to follow in general the same trend as that 
in serum. 3. The proportion of allantoin to uric acid 
excreted in the urine seems to be related to the devel- 
opment of parakeratosis. 4. Versene supplementation 
of a high-calcium, low-zinc diet has the same effect 
on alkaline phosphatase activity of serum and of 
tissues as supplementary zinc. 


17. EFFECT OF SYNTHETIC ANTIOXIDANTS 
AND FLAVONOIDS PRESENT IN COTTON- 
SEED ON GOSSYPOL TOLERANCE IN THE 
RAT. C. A. Cabell and I. P. Earle, U.S.D.A., 
A.R.S., Animal Husbandry Research Division, 
Beltsville, Maryland. 

The hypothesis that antioxidants, in a diet con- 
taining gossypol, have a synergistic depressing effect 
on weight gains was supported in a preliminary ex- 
periment with weanling rats. Then a more extensive 
experiment was designed with adult protein-depleted 
rats. These rats were divided into treatment groups 
of eight animals each, and fed a basal low protein 
diet plus one gram of protein per rat per day, as 
soybean meal. The treatment variables were different 
combinations of pure gossypol, fed and a level of 9.5 
mg. per rat per day, pure flavonoids and a synthetic 
antioxidant fed at 0.05% of the estimated food in- 
take. The treatment groups and the 10-day mean 
weight gains of the rats were: control, 26.5%; gossy- 
pol, 26.6; quercetin, 29.3; gossypol plus quercetin, 
16.5; gossypol plus rutin, 20.6; butylated-hydroxy- 
toluene (BHT), 24.3; BHT plus gossypol, 21.9 gm. 
The calculated least significant mean difference was 
6.3 (P<.05). In a similar experiment cottonseed 
meal was substituted for soybean meal. In this test 
gossypol alone depressed weight and differences due 
to the other supplements were thus less but trends 
were similar. These results support the conclusion 
that the flavonol glycosides rutin and isoquercetrin 
known to be present in cottonseed may affect the 
level of gossypol tolerated in animal diets. 


18. CARCASS CHARACTERISTICS OF SWINE 
FED COTTONSEED MEALS OF DIFFERENT 
GOSSYPOL LEVELS VERSUS SOYBEAN 
OR A MIXTURE OF SOYBEAN AND COT- 
TONSEED MEALS. H. C. McCampbell, D. M. 
Baird and K. T. Holley, Georgia Experiment 
Station, Experiment. 

Forty purebred Poland China pigs weighing ap- 
prox. 25 Ib. were allotted to five drylots on the 
basis of weight, sex and sire, and were fed to a weight 
of 200 lb. or for 165 days. All lots received free 
choice, a mixed basal corn ration. Specially processed, 
variable gossypol, cottonseed meals (Nat. C.S. Prod. 
Assoc.) were used in comparison with soybean meal. 
The lots received the following protein supplements: 
(1) SBM., (2) #106 CSM., (3) 4% SBM+% 
#112 CS.M., (4) #108 CS.M., (5) #110 CSM. 
A.D.G. and feed efficiency were as follows: (1) 1.60, 
365, (2) 1.30, 419, (3) 1.51, 387, (4) 0.82, 571 and 
(5) 0.98, 434. Dressing %, carcass length, ratio of 
carcass length per 100 Ib. cold carcass wt., backfat 
at the three measuring points and the av. backfat 
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were not affected by the nutritional treat. The car- 
cass length and av. backfat were as follows: (1) 
27.8, 1.68, (2) 27.6, 1.68, (3) 27.5, 1.68, (4) 27.1, 
1.62 and (5) 27.2, 1.69 in., respectively. Loin eye 
area was higher (P<.01) in lots 3 and 1 than 2, 
4 and 5. The av. loin eye area and a ratio of loin 
eye area per 100 lb. cold carcass wt., for each lot 
were as follows: (1) 4.18, 3.05, (2) 3.18, 2.64, (3) 
4.29, 3.19, (4) 2.95, 2.35, (5) 2.90, 2.50 in., re- 
spectively. The difference between the loin eye area/ 
cold carcass wt. ratio of lots 3, 1 and 2 were not 
significant but lot 3 was higher (P<.01) than lots 
4 and 5. Gilts gained significantly slower (—.37) 
than barrows and produced carcasses with more 
length (0.37”), less backfat (—.25”) and slightly 
larger loin eyes. 


19. MANAGEMENT PRACTICES AS THEY AF- 
FECT RATE OF GAIN, FEED EFFICIENCY, 
AND CERTAIN CARCASS CHARACTERIS- 
TICS OF SWINE. William R. Backus, Bryan 
Baker, Jr. and Bill G. Diggs, Mississippi State 
University, State College. 

The purposes of these experiments was to study the 
effect of early (40 lb. body wt.) versus Jate castration 
(160 lb. body wt.); pasture versus feeding on con- 
crete, and feeding a bulky ration (from the time the 
pigs reach 160 Ib. until they weigh 200 lb.) versus a 
concentrated ration. One study was conducted in 
the fall of 1959 and another in the spring of 1960, 
a total of 152 pigs averaging 55 lb. being used. The 
pigs in each test were divided into outcome groups 
and assigned at random to one of four treatments 
which were as follows: concentrated ration fed on 
pastures; bulky ration fed on pasture; concentrated 
ration fed on concrete; and bulky ration fed on 
concrete. Each of the treatments was applied to 
early castrated and late castrated pigs. In the fall 
study the pigs fed the bulky ration and the pigs on 
pasture had significantly less backfat, higher per- 
cent lean cut yield, and larger loin eye than the 
pigs fed the concentrated ration and the pigs raised 
on concrete, respectively. In both studies there were 
no significant differences in feed efficiency or rate of 
gain between pigs on concrete and pigs on pasture, 
or between pigs on the concentrated ration and pigs 
on the bulky ration. There were no significant dif- 
ferences in backfat, percent lean cuts, feed efficiency, 
loin eye or rate of gain between pigs castrated early 
and pigs castrated late. 


20. VALUE OF SUGAR CANE BAGASSE “FINES” 
AND MOLASSES IN HIGH-FIBER RATIONS 
FOR PREGNANT SOWS. D. M. Thrasher, Paul 
B. Brown and Sam L. Hansard, Louisiana State 
University, Baton Rouge. 

Bagasse “fines” is an inexpensive source of fiber 
in areas producing sugar cane. A preliminary 12-week 
feeding experiment involving 20 bred sows indicated 
that a self-fed ration containing 30 to 40% “fines” 
and about 30% molasses would be required to ob- 
tain sufficient consumption and limit the gains. 
Fifteen Duroc sows were divided among three con- 
crete drylots and were fed as follows: lot 1, 5 Ib. 
of a standard gestation ration per sow daily; lot 2, 
self-fed a ration containing 30% “fines” and 30% 
molasses; lot 3, self-fed a ration containing 40% 
“fines” and 30% molasses. A fourth lot of six bred 
gilts was hand-fed the standard ration. Beginning 
about 4 weeks before farrowing, the sows in lot 1 
were fed 7 Ib. per day, and gilts in lot 4, 6 Ib. per 
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day. Sows were weighed and removed to the far- 
rowing barn about 3 days before farrowing. The 
average daily gains in pounds for lots 1 through 4 
were 1,08, 1.35, 0.83 and 1.04, respectively. The 
sows receiving 40% “fines” in the ration (lot 3) 
consumed 8.7 Ib. of feed per day and had the lowest 
daily feed cost. Those receiving 30% “fines” (lot 2) 
consumed 13.3 lb. per day, gained most rapidly and 
had the highest daily feed cost. Litter size, pig birth- 
weights and number weaned favored the standard 
ration, ‘but due to the small number of litters, con- 
clusions should not be drawn. The performance of 
the sows receiving bagasse “fines’’ and molasses was 
very satisfactory. 


21. MIXED VS. FREE-CHOICE RATIONS FOR 
PIGS USING THREE COMPLETE SUPPLE- 
MENTS. D. M. Thrasher, A. M. Mullins and 
C. W. Newman, Louisiana State University, 
Baton Rouge. 


Two experiments were conducted with 144 pigs 
to study the effect of three protein supplements on 
rate and economy of gain when fed free-choice with 
shelled corn and in complete mixtures. In Experi- 
ment I, 72 Duroc weanling pigs were divided equally 
among 12 concrete lots and 6 treatments. A soy, a 
soy-meat scrap, and a soy-meat-fish-cottonseed sup- 
plement were fed in complete mixtures and free- 
choice with shelled corn. The latter two supplements 
contained 30% animal protein, and dehulled soybean 
meal was used in all supplements. The complete 
mixtures were reduced in protein content from 16 
to 13% at 100 lb. average pig weight. Experiment II 
was essentially a repeat of the first study except that 
the treatments were not replicated, 44% soybean 
meal was used and two of the three. supplements 
contained 40% animal protein. Rates of gain were 
not significantly different when either the methods 
of feeding or the three supplements were compared. 
Pigs fed free-choice were slightly more efficient and 
gained more economically than those on complete 
mixtures, regardless of the supplement used. In Ex- 
periment I the soy supplement (40% protein) was 
overconsumed on a free-choice basis. In Experiment II 
the soy supplement containing 36% protein was not 
overconsumed and was the most economical free- 
choice supplement. Among the complete feeds the 
soy supplement proved most economical. Statistical 
analyses of carcass data from 36 pigs showed no 
effect of treatment upon backfat thickness, loin eye 
area or yield of lean cuts. 


22. EFFECT OF FINISHING RATIONS ON 
GAINS, FEED EFFICIENCIES AND CAR- 
CASS CHARACTERISTICS OF SWINE. D. L. 
Handlin, J. R. Ables, D. H. Kropf and R. F. 
Wheeler, South Carolina Agricultural Experiment 
Station, Clemson. 

A total of 177 pigs were used in a three-year study 
to compare various grains used in a»swine finishing 
ration for hogs fed in dry lot; and also to compare 
some of these hogs to a group fed on forage. Pigs 
were fed on test from approximately 69 to 200 lb. 
live weight. As individuals reached 200 Ib., they 
were slaughtered and carcass data were obtained. 
Pigs fed corn (grain portion) made significantly faster 
gains than those fed barley, milo, or 14 corn-%4 oats. 
Pigs fed barley (grain portion) made significantly 
slower gains than those fed corn, %4 corn-%4 barley, 
YZ corn-%4 milo, and % corn-% oats. Pigs fed corn 


tended to produce more efficient gains, whereas 
those fed barley required more feed per pound of 
gain than all lots except the one fed 14 corn-% oats. 
Hogs fed barley tended to produce leaner carcasses 
with a lower dressing percent, less backfat, and a 
higher percentage of lean and primal cuts; whereas 
hogs fed milo tended to produce carcasses with a 
lower yield of lean and primal cuts. Carcasses from 
other lots were quite similar. The fatback from 
hogs fed milo or barley had the lowest average 
Iodine Number. Hogs self-fed in dry lot gained sig- 
nificantly faster, but feed efficiency was similar to 
those self-fed on forage. The hogs self-fed on forage 
produced carcasses with less backfat, a higher per- 
centage of lean cuts, a larger ham butt lean area, and 
a higher fatback Iodine Number. 


23. EVALUATION OF TWO CREEP RATIONS 
AND TWO AGES OF WEANING PIGS. Leon 
Williams and Bill G. Diggs, Mississippi State 
University, State College. 

In the spring of 1960, litters from 28 sows were 
used to evaluate two pelleted creep rations and two 
ages of weaning. Ration I was an 18% protein ra- 
tion containing rolled oats, sugar, dry skim milk, 
corn, soybean meal, vitamins and minerals. Ration 
II was an 18% corn-soybean meal ration fortified 
with vitamins and minerals. One-half of the litters 
on each ration were weaned at 6 weeks and the other 
one-half were weaned at 8 weeks of age. This re- 
sulted in the following four treatments: (1) ration 1, 
weaned at 6 weeks; (2) ration 1, weaned at 8 weeks; 
(3) ration 2, weaned at 6 weeks; (4) ration 2, weaned 
at 8 weeks. The 28 sows were formed into seven 
outcome groups based on breed and time of farrowing. 
When each litter was 10 days of age the pigs were 
given access to their respective creep rations and re- 
mained on these rations until they were 10 weeks of 
age. Each pig was weighed at 10 days, 6, 8, and 10 
weeks of age. The amount of creep ration consumed 
per litter was recorded for each period. At 8 weeks of 
age the pigs on treatments 1, 2, 3, and 4 had gained 
an average of 0.57, 0.57, 0.48, and 0.58 Ib. respectively 
per pig per day and had consumed an average of 
0.53, 0.23, 0.43, and 0.27 Ib. of feed, respectively, per 
day. The pigs weaned at 6 weeks of age consumed 
significantly more creep feed than those weaned at 
8 weeks as measured by 8-week data, but there was 
no significant difference in rate of gain. 


24. EFFECTS OF A NEW ANTIBIOTIC—TY- 
LOSIN—ON THE REPRODUCTIVE PER- 
FORMANCE OF SOWS. C. E. Jordan, W. P. 
Waitt and T. M. Means, Eli Lilly and Com- 
pany, Greenfield, Indiana. 

Three antibiotic feeding regimes throughout the 
reproductive cycle and two regimes only during 
farrowing and early lactation, which involved 105 
Hampshire sows, were studied. Complete rations 
were used in all trials. The regimes were as follows: 
(a) 100 gm. tylosin per ton continuously from 200 
Ib. liveweight through their first two litters; (b) 200 
gm. per ton 1 week before and 3 weeks during the 
breeding season, then reduced to 40 gm. during 
gestation, farrowing and early lactation; (c) 200 
gm. per ton 1 week before and 3 weeks during the 
breeding season, then reduced to 40 gm. during 
gestation, increased to 200 gm. per ton from the 
109th day of gestation to 3 days after farrowing, 
then reduced to 100 gm. per ton during the first 2 
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weeks of lactation; (d) 100 gm. per ton during 
farrowing and early lactation; and (e) 200 gm. per 
ton during farrowing and 100 gm. during the first 
2 weeks of lactation. Tylosin treatments during the 
entire reproductive cycle increased conception rate, 
average birth weight of pigs, and average pig weight 
at 2 and 3 weeks of age. Pigs from sows which re- 
ceived tylosin during farrowing and lactation were 
heavier at 2 and 3 weeks of age than pigs from con- 
trol sows. Also, “tylosin” sows weaned a higher per- 
centage of pigs nursed. 


25. A COMPARISON OF CALVING PERCENT- 
AGES AND PRE-WEANING PERFORMANCE 
OF VARIOUS BREEDS OF BEEF CATTLE IN 
A CROSSBREEDING PROGRAM. R. S. Tem- 
ple and D. D. Miller, Louisiana State University, 
Baton Rouge. 


Calving percentages, percent raised to 180 days 
of age, average 180-day weights, average slaughter 
grade and value of calves produced in Louisiana’s 
crossbreeding project have been analyzed by breed 
and crossbred groups. During the period 1952 to 
1957, eight cows of each of four breeds were mated 
to bulls of six breds each year (32 cows for each 
breed of bull). No significant differences existed in 
percent born, percent raised and slaughter grade 
among breeds of dams. However, Brangus dams 
produced heavier calves of greater total value than 
the other breeds of dams. No differences existed 
among sires in the traits studied with exception of 
value of beef produced. The Hereford sires pro- 
duced calves of higher value than the Brahman and 
Brangus sires. Hereford bulls on Hereford cows had 
a greater percent raised, more pounds of beef pro- 
duced of a higher grade for the highest value of beef 
of all the straight-bred matings. During the years 
1958-1960, bulls of the six breeds were mated to 
equal numbers of all possible straight-bred and cross- 
bred dams. Straight breds (Angus, Brahman, Brangus, 
Hereford) were significantly lower than the cross- 
breds involving these breeds in percent born, per- 
cent raised and value of calf crop. Large differences 
in the three traits existed among the crosses involving 
the four breeds. The matings involving Charolais and 
Shorthorn bulls had smaller percent raised than the 
other matings. No differences were found among 
the Charolais and Shorthorn crosses in the traits 
studied. 


26. EFFECTS OF BREED AND CROSS ON 
GROWTH RATE AND CARCASS CHARAC- 
TERISTICS OF BEEF STEERS. T. M. Clyburn, 
W. C. McCormick, R. L. Saffle and B. L. South- 
well, Georgia Coastal Plain Experiment Station, 
Tifton. 

Eight steers each of grade Angus, grade Polled 
Hereford, grade Santa Gertrudis, Angus x Polled 
Hereford, Angus x Santa Gertrudis, Polled Hereford 
x Santa Gertrudis, and 12 Angus x Polled Hereford x 
Santa Gertrudis were raised on pastures and killed 
at 18.5 mo. of age. Weight per day of age and car- 
cass weight per day of age in pounds, respectively, 
were as follows: Angus, 1.60 and 0.90; Polled Here- 
ford, 1.66 and 0.90; Santa Gertrudis, 1.91 and 1.10; 
Angus x Polled Hereford, 1.75 and 0.99; Angus x 
Santa Gertrudis, 1.74 and 0.98; Polled Hereford x 
Santa Gertrudis, 1.78 and 1.02; and Angus x Polled 
Hereford x Santa Gertrudis, 1.74 and 1.00. Means of 
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carcass weight per day of age for herds involving 
crossing were similar and_ significantly different 
(P<.01) from the others. The Santa Gertrudis were 
different from the others; the Angus and Herefords 
were similar. Length of carcas in inches was 46.5, 
46.9, 49.6, 48.2, 47.9, 47.9, and 47.4 for the groups 
in the order listed above; square inches of loin eye 
lean per 100 pounds of carcass were 1.95, 1.70, 1.54, 
1.73, 1.81, 1.81, and 1.81. For this latter trait, means 
for Angus x Santa Gertrudis, Hereford x Santa 
Gertrudis, and the rotational group were similar and 
different (P<.05) from other groups. Grade Here- 
fords and Angus x Herefords were similar while the 
grade Angus were better and grade Santa Gertrudis 
were poorer than other groups. Pre- and post-wean- 
ing growth rates were recorded as well as slaughter 
steer grade, carcass grade, dressing percentage, and 
tenderness as indicated by Warner-Bratzler shear 
scores. 


27. FACTORS INFLUENCING PERFORMANCE 
IN A BRAHMAN HERD. J. H. Meade, Jr., 
M. E. Hammond and M. Koger, Florida Agri- 
cultural Experiment Station, Gainesville. 
Estimates of the effect of lactation status of the 
dam at breeding, age of dam, sex and year were 
determined by the method of least squares. The de- 
pendent variables were 205-day weight and number 
of calves weaned per cow bred. These data were 
from 999 Brahman calves and covered the period 
from 1950 through 1959. The effect of age of dam 
on weight was —21, —7, 0, 4, 11, 13, 5, 2, 1, —8, 
—4, —9, and 24 lb. for ages 2-3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14 and 15 or more years, respectively. 
The effect of sex was 16 lb. for males and —16 lb. 
for females. The range in year effect was from —21 
to 30 lb. There were highly significant differences 
(P<.01) due to age of dam, sex and year. Lactation 
status exerted no significant influence on weight. 
The effect of age of dam on reproductive rate for 
ages 2-3 through 15 years or over was —1, —5, 5, 
13, 7, 8, —3, 2, 2, —8, —11, 10 and —18%, respec- 
tively. Year effect had a range of —17 to 15%. 
The effect of a cow nursing a calf the previous year 
was —4%; the effect of being dry the previous year 
was 4%. 


28. RELATIONSHIP OF TEST RECORDS TO 
EATING QUALITY OF STEAKS FROM BEEF 
BULLS AND STEERS INDIVIDUALLY FED 
ON PERFORMANCE TESTS. John Bartee, 
C. J. Brown and P. K. Lewis, University of Ar- 
kansas, Fayetteville. 

Twenty-two calves were paired for weight and 
appearance within sire at 4 and 7 months of age. 
Each pair was castrated by random choice, group 
fed for 56 days, individually fed for 112 days, and 
slaughtered for cut out data and taste panel evalua- 
tion of steaks. Seventy-six different traits were com- 
pared. Bulls required significantly less feed per pound 
of gain, yielded more chuck, and had a larger loin 
eye area. The square inches of loin eye area per 
pound of birth weight, per day of age, per point of 
final score, per one percent of dressing percentage 
and per pound of weaning weight were significantly 
larger for bulls. Steers had significantly greater per- 
cent loin and percent waste. Correlation and multiple 
regression techniques were used to study relation- 
ships among performance traits (birth weight, average 
daily gain to 120 days, average daily gain from 120 














days to weaning, feed consumption, final score, 
average daily gain during individual feeding and 
average daily gain during group feeding) as independ- 
ent variables and taste panel scores as dependent 
variables. In bulls and steers respectively, the varia- 
tion accounted for by the performance traits was 55% 
and 85% for aroma, 76% and 83% for flavor, 67% 
and 94% for texture, 87% and 87% for tenderness, 
65% and 54% for juiciness and 63% and 87% for 
uncooked color. 


29. INFLUENCE OF PREGNANT MARE SERUM 
AND COOLING ON THE LAMBING PER- 
CENTAGE OF EWES. W. E. Neville, Jr., D. M. 
Baird and O. E. Sell, Georgia Experiment Station, 
Experiment, 

During 2 yr., 29 grade Hamps lambing for Ist 
or 2nd time, 37 grade Hamps lambing from 3rd to 
8th time, 26 Hamp x S. western whitefaces and 30 
S. western whitefaces (grade Rambouillet) were 
randomly assigned within the preceding classifica- 
tion, after having been marked by vasectomized 
rams, to three treatments (T;) for breeding which 
began June 8. T; (control) and Ty. received Bermuda 
pasture 24 hr. daily. Ts received subcutaneously 1000 
IU pregnant mare serum (Gonadogen, Upjohn Co.) 
on 13th or 14th day after estrus. T; was the same 
as Te except ewes were placed in an evaporator- 
cooled, aluminum-covered trench silo 2 days after 
marked estrus until 25 days after breeding. Ewes 
stayed in silo from 8:15 a.m. to 6:45 p.m. Remainder 
of 24 hr. was spent on Bermuda pasture. During the 
breeding period for both summers, 95° F. was ex- 
ceeded on 11 days. When outside T was 95° F., 
inside silo av. T was 85° F. For 39 Ts and 38 T; 
ewes at this T, the av. resp./min. was 170 and 70 
(P<.01) and the av. rectal T was 104.5° F. and 
102.7° F. (P<.01),; respectively. Ewes lambing were 
37 T,, 33 T. and 33 T. which produced 141, 185 and 
206% lamb crop at birth (inc. dead lambs) of ewes 
lambing (T: vs. Tz, P=.06, T: vs. Ts, P<.01). This 
was reduced, respectively to 103, 124 and 148% 
living lamb crop at 48 hr. after birth (T: vs. Ts, 
P<.05). Lambing % for respective breed and age 
listing was 123, 213, 150 and 196 at birth (P=.06) 
and 77, 125, 109 and 174 living at 48 hr. after birth 
(P<.05). For lamb crop based on ewes allotted, 
breed and age grouping was sig. different (P<.01) 
and T: vs. Ts approached sig. (P=.08) at birth 
while only the breed and age grouping was sig. 
different (P<.01) at 48 hr. No important inter- 
actions were noted. 


30. EVALUATION OF RAPID METHODS FOR 
ESTIMATING CONCENTRATION OF RAM 
SPERMATOZOA. Carrol Wilson, Stewart H. 
Fowler and Sam L. Hansard, Louisiana State 
University, Baton Rouge. 

Forty-nine ejaculates from ten rams (five pure- 
breds and five Louisiana natives) were used to 
study rapid methods for estimating sperm con- 
centration. Four samples from each ejaculate were 
counted by the hemacytometer technique, and the 
average count employed as the reference standard 
for estimating spermatozoa concentration. Sperm 
concentration was correlated with optical density of 
the photometer. Dilutions of 1:100 and 1:200 both 
showed highly significant correlation with sperma- 
tozoa couucentration (1:100 dilutions, r—0.983; 
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1:200 dilutions, r=0.986). Samples of 33 ejaculates 
were diluted 1:50,000, and 14 ml. of each sample was 
measured on an electronic counter for comparison 
with the standard hemacytometer counts. Preliminary 


‘data from 18 ejaculates were highly correlated, but 


15 varied widely from standard values. Results indi- 
cate the photometric and electronic procedures to 
be rapid and economical methods for evaluating ram 
spermatozoa concentrations, but electronic counting 
will require further investigation for comparable 
accuracy. 


31. EFFECT OF AMBIENT TEMPERATURE ON 
OVULATION AND EARLY EMBRYONIC 
SURVIVAL IN GILTS. A. C. Warnick, V. M. 
Caldwell, H. D. Wallace and A. Z. Palmer, 
—— Agricultural Experiment Station, Gaines- 
ville. 


Thirty-two Duroc x Landrace gilts were randomly 
assigned to one of five groups at 10 days after first 
estrus and bred once to a fertie boar at the beginning 
of the second estrus. Gilts were slaughtered 25 days 
post-breeding and counts made of the number of cor- 
pora lutea and normal embryos. All gilts were self-fed 
a 15% protein ration consisting of alfalfa leaf meal, 
corn, oats, soybean oil meal, salt, minerals and 0.1% 
Aurofac. Group I remained in pasture lot with 
ample natural shade; Group II constant temperature 
room of 90° F. at 10 days post-estrus; Group ITI 
one-half of gilts in II moved to cold room 3 days 
post-breeding; Group IV constant temperature room 
at 60° F. at 10 days post-estrus; Group V one-half 
of gilts in IV moved to heated room 3 days post- 
breeding. One gilt at 90° F. and one at 60°F. re- 
turned to estrus before 25 days post-breeding, indi- 
cating no effect on conception rate. The averige 
number of corpora lutea at second estrus was 16.3 
in control gilts, 15.6 in gilts of 90° F. and 148 in 
gilts at 60°F. with no statistical difference. The 
average number of normal embryos at 25 days for 
groups I through V, respectively, was 12.6, 9.4, 14.1, 
12.8, 11.2, no significant differences. Gilts at either 
continuous or 3-day post-breeding 90° F. had an 
average of 10.4 embryos compared to 13.6 embryos 
in gilts at either continuous or 3-day post-breeding 
60° F. These data indicate that a high temperature 
of 90° F. may be more harmful to embryonic sur- 
vival after 3 days post-breeding than a high tempera- 
ture previous to 3 days post-breeding. 


32. COMPARATIVE GAS CARRYING CAPACITY 
OF BLOOD FROM BRAHMAN AND HERE- 
FORD CATTLE. J. R. Howes, R. L. Shirley 
and J. F. Hentges, Jr., University of Florida, 
Gainesville. 

Three age groups of 12 Hereford and 12 Brahman 
registered females were fed protein at levels approxi- 
mating 50 and 100% of the N.R.C. recommended 
allowances. The age groups were 8-month-old heifer 
calves, 2-year-old virgin heifers and 4-year-old 
lactating cows. Blood taken from the jugular vein 
was kept in air-tight heparinized syringes until 
analyzed for COs and O» by the method of Peters 
and Van Slyke. Venous blood allowed to equilibrate 
with the atmosphere for 30 minutes was analyzed 
for Ov content. Hereford blood contained signifi- 
cantly more CQ. than Brahman blood (54.3 and 
50.9 vol. %). Venous blood of calves possessed sig- 
nificantly less residual oxygen than that of either 
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older group. Oxygen carrying capacity of blood of 
4-year-old cows was significantly less than that of 
the two younger groups, but that of both breeds 
was similar at all ages. The percentage saturation of 
venous blood with oxygen was significantly lower 
for the calves and not significantly greater for the 
Brahman. 


33. EFFECTS OF STILBESTROL IMPLANTS 
ON REPRODUCTION AND MARKET QUAL- 
ITIES OF BEEF HEIFERS. L. W. Williams 
and Bryan Baker, Jr., Mississippi State Uni- 
versity, State College. 

This study was conducted over a two-year period 
and involved a total of 77 Angus and Hereford 
heifers. Thirty-eight were controls and 39 were im- 
planted with 24 mg. of stilbestrol. In both tests the 
heifers were wintered on oat and ryegrass pastures. 
When grazing was insufficient the heifers were given 
additional roughages. During the first year’s work 
the heifers were hand-mated over a 28-day period 
and slaughtered 46 days after the breeding period 
ended. The heifers were pasture-mated over a 38-day 
period the 2nd year and were slaughtered 20 days 
after the bulls were removed. The combined two- 
year data showed 18 control and 22 treated heifers 
were pregnant at the time of slaughter. Examination 
of the reproductive tracts revealed relatively few 
abnormalities in either the treated or untreated group. 
The controls showed a higher percent of abnormalities 
than did the implanted heifers. In the treated heifers 
there were two poorly developed uteri, a case of cystic 
follicles and one infantile uterus. The control group 
revealed two heifers with cystic follicles, a case of 
pyometria; one heifer had inactive ovaries and two 
heifers showed evidence of resorbing an embryo. The 
only abnormal estrual behavior was observed in two 
treated heifers. One was bred 5 times in 19 days. 
The other was bred 4 times in 15 days. Both were 
pregnant at the time of slaughter. Average daily 
gains were slightly in favor of the treated groups, 
but the controls had a higher carcass grade and 
dressing percent. There were no harmful effects or 
abnormalities of the reproductive organs produced 
by the implant. 


34. CUTABILITY INDEX OF CROSSBRED 
BEEf CARCASSES AS ASSOCIATED WITH 
OTHER TRAITS. D. L. Brown, A. M. Mullins, 
R. F. Boulware and R. S. Temple, Louisiana 
State University, Baton Rouge. 

Cutability index was calculated on 110 carcasses 
from six sire groups of cattle including Angus, Here- 
ford, Brahman, Brangus, Shorthorn and Charolaise 
crosses. Carcass weight, loin-eye area, fat thickness 
over the 12th rib and percent kidney knob were 
used in calculating the cutability index similar to 
the method under investigation by the U. S. Depart- 
ment of Agriculture. Analysis of variance and re- 
gression coefficients were determined to study the 
relationship between cutability and weight, grade, 
conformation score, finish, loin-eye area and percent 
fat, lean and bone in the 9, 10, 11th rib. For car- 
casses grading good and weighing less than 400 
Ib., 400-500 Ib. and 500-600 Ib., cutability scores 
were 3.57, 3.87 and 4.42, respectively. Cutability 
scores for standard grade carcasses in similar weight 
classifications were 2.94, 3.48, and 3.60, respectively. 
Carcasses from steers by Charolaise sires had the 
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highest cutability scores. Carcasses from steers by 
Shorthorn sires had the lowest cutability scores. 
Cutability scores increased as carcass weight and 
grade decreased. Increasing amount of finish resulted 
in a decrease in cutability scores. 


35. RELATIONSHIP OF PERCENT SEPARABLE 
LEAN AND FAT TO PROPOSED USS.D.A. 
BEEF YIELD GRADES. C. B. Ramsey, J. W. 
Cole and C. S. Hobbs, University of Tennessee, 
Knoxville. 

Yield grades as proposed by the U.S.D.A. were 
determined for 133 steers slaughtered over a 4-year 
period. Eight breeds were represented with a live 
weight range of 597 to 955 lIb., an age range of 
11 to 20 months and a carcass grade range of av- 
erage utility to average prime. Yield grades were 
highly correlated with percent separable carcass 
lean and fat (4—=—.75 and 0.73, respectively). When 
lean and fat (r=—.75 and 0.73, respectively). When 
yield grades were calculated to the nearest 0.01, 
correlations with percent separable lean and fat were 
slightly higher (r=—.82 and 0.80). Yield grades 
calculated without including ribeye area showed 
correlations of —.79 and 0.83 with percent separable 
lean and fat, respectively. Fat thickness over the 
ribeye measured two-thirds of the length of the 
eye muscle from the chine showed correlations of 
—.76 and 0.82 with percent separable lean and fat, 
respectively. With these cattle, fat thickness over 
the ribeye was as good an estimator of separable 
lean and fat as yield grade. 


36. EFFECT OF HIGH VS. MODERATE PLANES 
OF NUTRITION ON FEEDLOT PERFORM- 
ANCE AND CARCASS CHARACTERISTICS 
OF STEER CALVES. R. F. Hendrickson, L. S. 
Pope, R. L. Henrickson and George Waller, 
Oklahoma Agricultural Experiment Station, Still- 
water. 

Three groups of 8 weanling Hereford steers by 
closely related sires were fed individually to gain as 
rapidly as possible for 350 lb. (Lot 1), moderately 
for the same length of time (Lot 2), and moderately 
for 350 Ib. total feedlot gain (Lot 3). Average daily 
gains were 1.72, 1.31 and 1.29 lb., respectively. 
Moderate-gaining calves (Lot 2) were no more ef- 
ficient than full-fed steers (Lot 1) due to less total 
gain (270 Ib.) or Lot 3 due to longer time (65 days) 
on feed. Data were obtained on body measurements, 
final live and carcass grades, carcass measurements, 
yield, marbling scores, rib eye area, wholesale cuts 
and their specific gravities, 9-10-11 rib composition, 
shear values and chemical composition of the rib-eye. 
Moderates slaughtered at the same time as the 
rapidly-gaining calves were the lowest grading group 
(P<0.01), with less yield (P<0.05), less internal 
and external fat (P<0.05) and less marbling, but 
more lean, than the other groups. Full-fed steer 
carcasses had lower percent bone (P<0.05). Body 
and carcass measurements, on a 100-Ilb. basis, were 
little affected by treatment. None of the feeding 
regimes had a marked effect on yield of wholesale 
cuts, shear values or composition of lean. The moder- 
ate group fed for 350 lb. total gain was intermediate 
to other groups in most characteristics. Except for 
fatness, the results indicate little difference in carcass 
composition of calves making different rates of gain 
when slaughtered at the same time, or at equal 
weights. 
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37. MEAT TENDERNESS. EFFECT OF COOK- 
ING MEDIA ON MECHANICAL SHEAR 
VALUES AND ORGANOLEPTIC RATING 
OF BEEF STEAKS. D. W. Braniff, A. M. Mul- 
lins, R. F. Boulware and Mary Fielder, Louisiana 
State University, Baton Rouge. 

Four adjacent steaks from the Longissimus dorsi 
(L.D.) and Semi-tendinosus (S.) muscles were cut 
from both sides of 16 carcasses grading U. S. Prime, 
Choice, Good and Standard. Steaks were cooked 
by dry heat, radiant heat, deep fat and electronic 
oven. Tenderness was determined mechanically with 
the Warner-Bratzler Shear. A taste panel (6 mem- 
bers) scored each steak for tenderness, flavor and 
juiciness. Cooking losses were compared between 
grades, cuts and cooking methods. The effect of 
cooking method on shear value was more pronounced 
in the S. muscle than in the L.D. muscle. The largest 
difference in shear value between the L.D. and S. 
muscles existed in the prime grade. Panel scores for 
tenderness were vary uniform between grades and 
cooking methods within muscles but differed sig- 
nificantly between muscles. Flavor scores were very 
uniform between cooking methods, grades and 
muscles. Juiciness scores were highest in the L.D. 
muscle broiled and cooked by dry heat. Cooking 
losses were significantly greater in the electronic 
oven. 


38. MEAT TENDERNESS. HISTOCHEMICAL 
CRITERIA INFLUENCING MEAT TEN- 
DERNESS. G. E. Clark, A. M. Mullins, R. F. 
Boulware and G. L. Robertson, Louisiana State 
University, Baton Rouge. 

A known histamine releasing agent, d-tubocuraine 
chloride, was given intramuscularly at the rate of 
6 mg. (40 units) per 100 Ib. live weight to 10 yearling 
heifers 15 minutes prior to slaughter. Five additional 
yearling heifers were slaughtered to serve as con- 
trols. Tissue samples for mast cell counting were 
taken from the mesentery, Semimembranosus and the 
Longissimus dorsi muscles at 2 and 24 hours post 
mortem. These tissues were fixed in an alcohol- 
formalin solution, embedded in paraffin, sectioned and 
stained by Smith and Atkinson’s special procedure 
designed for rapid counting of the mast cells. Warner- 
Bratzler shear values were determined on _ steaks 
from the 12th rib. Greater degranulation of the 
mast cells was observed in the treated heifers than 
in the controls. Warner-Bratzler shear values for 
the treated group averaged 25.6 vs. 18.5 for the 
controls. It is believed that the toughness of meat 
brought about by histamine release would be rarely 
encountered under normal slaughter conditions. How- 
ever, the data indicate alterations in cell membrane 
permeability which would influence the movement 
of intra- and extra-cellular ions. Other workers have 
suggested that protein-ion relationship plays a large 
role in meat tenderness. 


39. ABSORPTION AND PHYSIOLOGICAL 
MOVEMENT OF IRON IN CALVES IN- 
DUCED WITH ANAPLASMOSIS. Sam L. 
Hansard and Lon E. Foote, Louisiana Agricul- 
tural Experiment Station, Baton Rouge. 

Progressive changes in iron absorption, tissue con- 
centration, movement and turnover rate in 20 calves 
induced with anaplasmosis were investigated by con- 
ventional and radiochemical methods. Hematologic 
studies of routine peripheral blood samples were used 


to determine the onset and to follow the progress of 
the anemia. At periodic intervals before, during and 
following observed peak RBC marginal body content 
(P), individual animals were quantitatively injected 
with Fe-59 citrate for five day balance-blood studies 
previous to sacrifice. Results indicated an_ initial 
marked and progressive decrease in RBC volume, 
hemoglobin, RBC iron utilization and plasma iron 
clearance, with increased iron excretion from five 
days before until peak RBC marginal bodies were 
evidenced. Total iron and Fe-59 concentration and 
iron in total spleen, liver, kidney and red bone 
marrow decreased in animals sacrificed five days 
before (P—5) or 12 days after (P+12), but in- 
creased markedly in those sacrificed during period of 
peak RBC marginal bodies (P). The increased iron 
storage in spleen and liver during and immediately 
after period of peak RBC marginal bodies (P) dem- 
onstrates the role of these organs in hematopoiesis 
and body iron conservation. The low iron and Fe-59 
concentration in these organs and total blood five 
days before peak (P—5) reflects the increased ex- 
cretion pattern and supports previous data indicating 
decreased iron utilization and an initial suppression 
of the hemapoietic system as a prevalent factor in 
the pathogenesis of anaplasmesis anemia. 


40. EFFECT OF CALCIUM AND PHOSPHORUS 
ADDITIONS AND LENGTH OF INCUBA- 
TION PERIODS UPON CELLULOSE DISAP- 
PEARANCE AND RUMEN pH OF FISTU- 
LATED STEERS FED ROUGHAGE-FREE 
RATIONS. J. W. Lassiter and H. D. Barnhill, 
University of Georgia, Athens. 

Three fistulated yearling Hereford steers were 
used in a 2 x 3 x 3 factorial experiment in which the 
factors were calcium level, phosphorus level and in- 
cubation time. The roughage-free ration included 
40% each of ground whole corn and oats, 10% 
soybean oil meal, 9% molasses and 1% T.M. salt. 
Cellulose disappearance was determined by loss in 
weight of 20-gm. samples of purified cellulose from 
4 in. x. 8 in. nylon bags suspended in the rumen for 
12, 24 or 36 hours. A 9-day period with no calcium 
supplementation was followed by a 9-day period 
with an additional 20 gm. calcium per head daily 
(as CaCO;) mixed in the feed. Each 9-day period 
had 3-day additions of 0, 10, and 20 gm. of phos- 
phorus per head daily (as H:PO,) mixed in the feed 
(treatments 1-6 respectively). Determination of pH 
at 2-hour intervals for 12 hours was followed by 
12-hour observations for the remainder of each 
3-day period. Highly significant differences in cellu- 
lose disappearance occurred between incubation times 
and between steers. Disappearance was greater with 
36-hour incubation than with 24- or 12-hour incu- 
bations (P<0.01). Differences in rumen pH between 
steers and between treatments were highly significant. 


41. INFLUENCE OF PHOSPHORUS SUPPLE- 
MENTS ON CELLULOSE DIGESTION BY 
RUMEN MICROORGANISMS AND ON RA- 
TION DIGESTIBILITY BY SHEEP. O. Glen 
Hall, C. D. Gaddy and C. S. Hobbs, University 
of Tennessee, Knoxville. 


Washed suspensions of rumen microorganisms were 


.used to determine the availability of various phos- 


phorus supplements, cellulose digestion in vitro being 
used as the criterion of availability. Addition of di- 
calcium phopshate (wet acid processed and furnace 
processed) 10-100 ppm. to fermentation tubes re- 
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sulted in marked increases (P<0.01) in cellulose di- 
gestion by rumen microbes. Similar addition of 
Curaco phosphate and a defluorinated phosphate 
failed to increase in vitro microbial activity. Both 
sources of dicalcium phosphate were found to be 
equally highly available sources of phosphorus for 
rumen microbes whereas the phosphorus in Curaco 
and defluorinated phosphate supplements was ap- 
parently unavailable to rumen microbes as tested 
in these experiments. The feeding of defluorinated 
phosphate to a fistulated steer for 30 days before 
conducting availability studies failed to alter the 
availability of the phosphorus in the supplement to 
rumen microbes. Two additional defluorinated phos- 
phates were found to be available sources of phos- 
phorus for rumen microbes. One such source produced 
a cellulolytic response that was equal to that re- 
sulting from the dicalicum phosphates tested. The 
other source increased (P<0.05) in vitro cellulose 
digestion but not to the same extent as did the di- 
calcium phosphates tested. Phosphorus supplements 
failed to increase ration dry matter and cellulose di- 
gestibility by sheep when added to a cottonseed hull 
ration containing only 0.05% phosphorus. It was 
concluded that the basal ration contained ample 
quantities of phosphorus for cellulose digesting rumen 
microbes. 


42. COMPARATIVE EFFECTS OF CALCIUM TO 
PHOSPHORUS RATIOS AND LEVELS UPON 
IN VITRO AVAILABILITY OF PHYTIN AND 
INORGANIC PHOSPHORUS. J. Barth and 
S. L. Hansard, Louisiana Agricultural Experi- 
ment Station, Baton Rouge. 


Cellulose digestibility was measured in phosphorus 
depleted suspensions of rumen microorganisms sup- 
plied with calcium as CaCl and with phosphorus, 
either as phytin or as the sodium and potassium 
salts to give Ca:P ratios varying from 0:1 to 12:1. 
When phosphorus was maintained at 0.0021 gm. from 
phytin or inorganic salts and calcium added to give 
ratios of 0:1 to 12:1, results showed similar utiliza- 
tion of phytin and inorganic phosphorus in absence 
of calcium, but when calcium was added to give a 
2:1 ratio, inorganic phosphorus utilization was sig- 
nificantly increased, followed by a decrease at the 
higher calcium levels; whereas phytin phosphorus 
greatly depressed cellulose digestibility to one-half 
that of inorganic salts. When calcium was main- 
tained at 0.0165 gm. and phosphorus added as phytin 
or inorganic phosphorus to give ratios of 8:1 to 
8:10, cellulose digestion returned to maximal with 
the increasing phosphorus levels, indicating the de- 
crease in phytin utilization in presence of increasing 
calcium to be more directly related to a chemical 
effect than to an enzyme inhibition by excess calcium 
ions. Results confirm the calcium requirements of 
rumen microoragnisms and indicate phytin utilization 
to be significantly more sensitive than inorganic 
phosphorus to calcium levels and ratios. Data pro- 
vide basic evidence of need for careful adjustment of 
Ca:P ratios for animals on high phytin rations. 


43. FURTHER STUDIES OF THE EFFECT OF 

PROCESSING ON THE NUTRITIVE VALUE 

OF COTTONSEED MEAL FOR RUMINANTS. 

Allen D. Tillman, W. R. Woods, Karl Kruse and 

W. D. Gallup, Oklahoma Agricultural Experiment 
Station, Stillwater. 

In a cooperative chick test sponsored by the Na- 

tional Cottonseed Products Association and the 
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US.D.A., collaborators found that a cottonseed meal 
processed by a high-speed screw press (C.S.M. #13) 
was inferior to a prepress, solvent-extracted meal 
(C.S.M. #45). Digestibility studies with sheep in the 
authors’ laboratory showed that the nitrogen of 
C.S.M. #13 was less digestible than that of C.S.M. 
#45, and that both meals were inferior to solvent- 
extracted soybean meal. Growth studies with sheep 
showed similar trends but less marked differences 
between their meals when used in fattening-type 
rations. When energy was limited, there was even 
less difference between the cottonseed meals; how- 
ever, both cottonseed meals were inferior to soybean 
meal. In artificial rumen studies with cellulose di- 
gestibility as criterion, C.S.M. #13 was found to be 
inferior to #45. Other artificial rumen studies showed 
that either dry heat or steam heat (autoclaving) re- 
duced the value of the soybean meal and the prepress 
solvent-extracted cottonseed meals. Solvent-extracted 
soybean meal was used in a digestibility trial with 
sheep to test the effects of gossypol and heat (2 x 2 
factorial design experiment). Either gossypol or heat, 
alone, lowered the digestibility of ration nitrogen 
only slightly, whereas a combination of the two 
lowered it markedly. 


44, EFFECT OF FAT AND UREA IN FATTEN.- 
ING RATIONS FOR BEEF STEERS. B. M. 
Jones, Jr., N. W. Bradley and R. B. Grainger, 
University of Kentucky, Lexington. 

Two feedlot trials and one digestion trial have 
been completed with Hereford steers. In the first 
year pelleted rations containing fat, urea, and fat 
plus urea were compared with a basal fattening 
ration of ground shelled corn, ground corn cobs, 
molasses and soybean oil meal. For a 169-day feed- 
ing period average daily gains and feed required per 
100 Ib. of gain were: basal ration, 2.14 and 846; 
urea, 2.04 and 895; fat, 2.10 and 905; fat plus urea, 
1.64 and 1029. An analysis of variance showed a 
significant decrease in rate of gain on the ration 
containing fat plus urea; a significant increase in 
digestibility of ether extract of the rations containing 
fat, urea, and fat plus urea; a significant decrease 
in digestibility of dry matter, energy and nitrogen- 
free-extract of the rations containing fat and fat plus 
urea; and a significant decrease in digestible crude 
protein and total digestible nutrients of the ration 
containing both fat and urea. In the second year 
pelleted rations containing fat and urea, fat and urea 
plus calcium, and fat and urea plus lysine were com- 
pared with a basal fattening ration of ground shelled 
corn, ground corn cobs, molasses and vrea. For a 
155-day feeding period average daily gains and feed 
required per 100 Ib. of gain were: basal ration, 2.27 
and 1064; fat and urea, 2.06 and 1031; fat and 
urea plus calcium, 2.03 and 1027; fat and urea plus 
lysine, 2.00 and 1022. 


45. EFFECTS OF PELLETED, FLAKED, AND 
GROUND CORN AND PELLETED DISTIL- 
LERS DRIED GRAINS WITH SOLOBLES 
ON DIGESTIBILITY OF FATTENING RA- 
TIONS AND FEED LOT PERFORMANCE 
OF BEEF STEERS. D. W. Arnett and N. W. 
Bradley, University of Kentucky, Lexington. 


Forty yearling Hereford steers were divided into 
four lots of ten steers each on the basis of weight. 
Treatments were as follows: lot 1, ground corn and 
distillers dried grains with solubles (DDG/S) ; lot 2, 
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ground corn and pelleted DDG/S; lot 3, pelleted 
corn and pelleted DDG/S; lot 4, flaked corn and 
pelleted DDG/S. The roughage component of the 
fattening ration was corn silage. For a 129-day feed- 
ing period, the average daily gains were 2.09, 1.95, 
2.31, and 2.36 Ib. for lots 1 through 4, respectively. 
There was no significant difference in gain because 
of the large variation among steers within lots. The 
average feed required for each 100 lb. of gain for 
lots 1 through 4 was 1032, 1064, 916, and 930 Ib., 
respectively. Carcass grade was not affected by any 
of the treatments. Eight additional steers were used 
in four digestibility trials during the course of which 
each steer consumed each ration. A total collection 
of feces and urine was made. There was a decrease 
in digestibility of crude fiber and a slight increase 
in nitrogen retention on the ration containing pelleted 
corn, and an increase in digestibility of dry matter, 
protein, crude fiber, NFE, and energy on the ration 
containing flaked corn; only that for NFE was sig- 
nificant (P<.05). 


46. UTILIZATION OF FRESH CHOPPED 
COASTAL BERMUDA GRASS BY YEAR- 
LING STEERS AS MEASURED BY DRY 
MATTER INTAKE, WEIGHT GAINS, AND 
NUTRIENT DIGESTIBILITY. D. W. Beards- 
ley, F. E. Knox, W. H. Marchant, W. C. Mc- 
Cormick, and B. L. Southwell, Georgia Coastal 
Plain Experiment Station, Tifton. 


A coastal Bermuda grass pasture divided into five 
strips was staged and harvested daily with a forage 
chopper to provide five-week-old grass for 140 days. 
Initially, 500 lb. of an 0-10-20 fertilizer mixture and 
50 lb. of nitrogen were applied per acre. Fifty pounds 
of additional nitrogen was applied to each strip after 
it was harvested for a season total of 200 Ib. N. Five 
steers were group-fed to obtain dry nmiatter intake 
and weight gain while five were individually fed to 
determine nutrient digestibility. Feces were collected 
for a 7-day period every four weeks by means of 
harnesses and canvas bags. Analyses of weekly com- 
posites of the forage fed averaged, in percent of the 
dry matter: crude protein, 12.6; ether extract, 3.2; 
cellulose, 31.5; lignin, 8.9; “other” carbohydrates, 
38.1; ash, 5.8; calcium, 0.40; phosphorus, 0.25. Aver- 
age gross energy value was 4.550 Cal. per gram. All 
steers ate ad libitum. The five group-fed steers con- 
sumed an average of 2.1 lb. of forage dry matter 
per hundred pounds body weight and gained 1.39 Ib. 
per head daily for the 140 days. Average dry matter 
digestibilities for the five 7-day collection periods 
were 59.3, 57.8, 58.6, 59.8 and 59.7%. Although there 
was some variation between periods in digestibility 
of nutrients, differences were of no practical signif- 
icance. Average digestibilities for all periods were, 
in percent: crude protein, 71; ether extract, 46; 
cellulose, 67; lignin, 12; “other” carbohydrates, 65; 
gross energy, 57. Total digestible nutrients averaged 
59% for the five periods. 


47. NUTRITIVE VALUE OF LONG, GROUND 
AND PELLETED COASTAL BERMUDA- 
GRASS HAY WITH DATA ON RUMEN 
EPITHELIUM AND VOLATILE FATTY 
ACIDS. R. A. Alexander, J. F. Hentges, Jr., and 
J. T. McCall, Florida Agricultural Experiment 
Station, Gainesville. 


Braham and Hereford first calf heifers were divided 
into three lots each of eight animals and were allowed 


hay (ad libitum) from coastal bermudagrass fertilized 
and processed as follows: Lot I, 100 lb. N/acre, 
long; Lot II, 200 lb. N/acre, long; Lot III, 200 Ib. 
N/acre, ground (%4 inch screen). Hay consumption 
was higher in Lot III than in Lots I and II but 
differences in average weight changes were not signif- 
icant. After 126 days data collected from cows fed 
long and ground hay were, respectively: rumen fluid 
pH 6.2 and 6.7; ruminoreticulum wet weight 14.4 
and 14.1 lb.; and rumen contents 18.4 and 13.8 liters. 
Average gm. mucosa (fat- and moisture-free) per 
100 Ib. live body weight were: Lot II, Brahman 
56.7, Hereford 41.8; Lot III, Brahman 57.8, Hereford 
51.2. A higher average total micromoles/ml. of vola- 
tile fatty acids and a slightly lower molar % of 
total acetic and move propionic acid was observed 
in rumen fluid samples from cows fed ground hay. 
Histological sections were made of the epithelium 
and papillae from the anterioventral section of the 
rumen. Two 4 X 4 latin square digestion trials were 
conducted with sheep and cattle fed these same hays 
in long, ground and pelleted forms. Protein digesti- 
bility was higher (P<0.01) in hay fertilized with 
200 Ib. N/acre than with 100 lb. N/acre. Protein 
digestibility was not significantly different within the 
200 Ib. N/acre hay for long vs ground or ground vs 
pelleted. Crude fiber digestibility was significantly 
lower (P<0.01) and nitrogen-free extract digesti- 
bility was significantly higher (P<0.01) in the ground 
and pelleted hay than in the long hay. 


48. FEEDING VALUE OF COASTAL BERMUDA 
PELLETS, COOKED OR FLAKED CORN 
AND GROUND-SNAP-CORN IN STOCKER 
RATIONS AND AS SUPPLEMENTAL FEEDS 
FOR CATTLE ON WINTER PASTURE. D. M. 
Baird, H. C. McCampbell and O. E. Sell, Georgia 
Experiment Station, Experiment. 


Five lots of 10 calves each weighing about 425 Ib. 
were fed a drylot, stocker-type ration for 81 days. 
Lots 1 & 2 received a full feed of either gr. snap 
corn or Coastal Bermuda Grass pellets plus 1 Ib. 
C.S.M. per head daily. Lots 3, 4 & 5 were fed (free- 
choice) oat silage and 1 Ib. C.S.M. with cooked corn, 
flaked corn and shelled corn, respectively. A.D.G. of 
lots 1 & 2 were 1.17 and 1.20 Ib., with a daily con- 
sumption of 10.5 and 12.5 lb. of gr. snap corn and 
Coastal pellets, respectively. With equal dry-weight 
of corn being fed in lots 3, 4 & 5, the A.D.G. were 
1.30, 1.24 and 1.26 lb. for the cooked, flaked and 
shelled corn groups, respectively. Gains were not 
significantly different. Pelleted hay and processed 
corn increased the cost of gains compared with the 
non-processed grain. The 50 cattle averaging approx. 
530 Ib. were allotted into four winter temporary 
pastures on a basis of weight, sex, sire & previous 
treatment. Treatments & A.D.G. for the 134 day test 
were: (1) pasture, 2.10, (2) pasture + Coastal 
Bermuda pellets, 1.96, (3) pasture + shelled corn, 
2.34, and (4) pasture + flaked corn, 2.33 Ib. Grain 
or pellets were fed equally in the three fed lots 
(av. 4.5 Ib. per head daily). Lots 1 & 2 gained 
slower (P<.01) than lots 3 & 4, and slaughter & 
carcass grades were also lower. Steers gained faster 
(P<.01) than heifers. Sire, sex and treatment inter- 
actions were not significant. Pelleted Coastal Ber- 
muda grass hay increased the cost of production, as 
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did flaked corn; both failed to improve performance 
or carcass quality. 


49. EFFECTS OF FEEDING CONCENTRATES 
TO STEERS FATTENING ON COASTAL 
BERMUDA PASTURE. L. D. Malphrus, R. L. 
Edwards, D. H. Kropf and Mrs. S. A. Marbut, 
South Carolina Agricultural Experiment Station, 
Clemson. 


A three-year trial has been conducted to evaluate 
the place of Coastal Bermuda pasture in a summer 
fattening program for slaughter steers. Well-fertilized 
pasture was stocked each spring with three to four 
yearling steers per acre. The animals were group-fed 
all that they would consume of a concentrate mixture 
composed of about 5 parts ground shelled corn, 
3 parts ground oats and 1 part cottonseed meal 
(36% protein). A total of 88 steers were fed on 
pasture, and 29 in drylot as control animals. The 
following figures are three-year averages for the 
pasture-fed and drylot-fed animals, respectively: 
Average daily gain, 1.80 and 1.94 lb.; concentrates 
required per 100 Ib. of gain, 586.7 and 766.8 Ib.; 
roughage (exclusive of pasture) per 100 Ib. of gain, 
6.1 and 405.4 Ib. Annual averages were 976.5 lb. 
gain and 2.56 tons of hay per acre. The pasture-fed 
cattle produced 67 carcasses grading Good and 21 
grading Standard; the drylot-fed steers produced 27 
Good and two Standard carcasses. Carcasses from the 
dry-lot steers averaged higher in grade, had a whiter 
external fat as rated subjectively, possessed a lower 
specific gravity of the 9-10-11 rib cut (all these 
differences highly significant) ; they had a significantly 
firmer fat as evaluated subjectively, and a signif- 
icantly lower percentage of separable bone in the 
9-10-11 rib cut. Treatment differences in dressing 
percentage, subjective lean color, rib eye area and 
percentage of separable fat or lean in the 9-10-11 
rib cut were not significant. 


50. BEEF GAINS FROM DIFFERENTIALLY 
FERTILIZED SUMMER GRASSES IN THE 
COASTAL PLAIN. R. F. Suman, S. G. Woods, 
T. C. Peele and E. G. Godbey, Clemson Agri- 
cultural College, Clemson. 


In a three-year test, a randomized block design 
was used to compare beef gains from Coastal Ber- 
mudagrass, common Bermudagrass and Pensacola 
Bahiagrass fertilized at three nitrogen levels: 100, 
200 and 400 Ib. per acre. Feeder steers weighing 
575-625 lb. were put on paddocks in late April each 
year. A “put-and-take” system of grazing was used 
with appropriate holding pastures so that steer diet 
was never varied. All grazing was continuous except 
that Coastal Bermudagrass was also grazed rota- 
tionally. Beef gains per acre from common Bermuda- 
grass and Pensacola Bahiagrass were approximately 
equal at all nitrogen levels. Coastal Bermudagrass 
produced about 34% more beef at the two higher 
nitrogen levels but only about 11% more at the 
100-Ib. nitrogen level. Beef gain responses from 
Coastal Bermudagrass fertilized with the two lower 
levels of nitrogen were linear. At the 400-Ib. nitrogen 
level, beef increases were reduced by about one-half 
and total yields averaged 918 Ib. per acre. Rotation 
grazing with Coastal Bermudagrass increased beef 
gains by about 14% but only at the 100-Ib. nitrogen 
level. The carrying capacity on highly fertilized 
Coastal Bermudagrass was four to five animals per 
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acre during most of the season and proportionally 
less on all other treatments. Average daily gains on 
common Bermudagrass, Coastal Bermudagrass and 
Pensacola Bahiagrass were 1.39, 1.33 and 1.19 Ib. 
respectively. Steers “weighed-off” in October remained 
feeder quality. 


51. PANGOLAGRASS HAY AND SILAGE IN 
STEER FATTENING RATIONS. W. G. Kirk, 
F. M. Peacock, E. M. Hodges and J. E. Mc- 
Caleb, Range Cattle Experiment Station, Ona, 
Florida. 

Two trials each of 120 days have been completed. 
In each, two lots of steers were self-fed either Pan- 
golagrass hay or silage. There were 13 yearling steers 
in each of the four lots. Brahman breeding predom- 
inated, with a considerable amount of Shorthorn 
blood. One lot on each roughage was fed cottonseed 
meal, 41%, and the other lot the same amount of 
a mixture of 50 parts cottonseed meal, 8 parts urea 
and 42 parts citrus pulp. Each lot was fed citrus 
pulp at the same rate, and citrus molasses at about 
one-half the rate of pulp. Some molasses was refused 
because it was not as palatable as pulp. The rations 
contained from 10.40 to 11.65% crude protein equiv- 
alent and from 5.85 to 6.30% digestible protein. 
Roughage made up 25% of the total rations but 
supplied only 18 to 19% of the TDN. Lot 1 fed hay 
and cottonseed meal made an average daily gain of 
2.16 lb.; Lot 2 fed hay and protein feed gained 
2.11 lb.; Lot 3 fed silage and cottonseed meal, 2.17 
Ib.; Lot 4 fed silage and protein feed, 2.10 lb., daily 
per steer. TDN requirements per 100 Ib. gain for 
these lots were 595, 597, 603 and 616 Ib., respectively. 
Each lot averaged Good as feeder cattle and im- 
proved in slaughter grade from Utility or High 
Utility to High Standard. There were no significant 
differences between roughages and protein feeds for 
gain, dressing percent and carcass grade; however, 
there was a highly significant difference between 
years for gain. 


52. NUTRITIVE VALUE OF DRIED CITRUS 
PULP FOR STEERS. C. B. Ammerman, L. R. 
Arrington, J. T. McCall, J. E. Wing, and G. K. 
Davis, Florida Agricultural Experiment Station, 
Gainesville. 

Lime added in the preparation of dried citrus pulps 
yields calcium values in the finished product that 
sometimes exceed 2%. With a phosphorus content 
of approximately 0.15%, this represents a calcium 
to phosphorus ratio in excess of 13:1. A conventional 
digestibility trial was conducted to determine the 
effect of the high Ca: P ratio on digestibility of the 
nutrients in the citrus pulp. Six yearling steers were 
used to evaluate plain dried pulp (Ca, 2.00; P, 
0.14%), dried pulp with molasses added (Ca, 2.00; 
P, 0.12%) and the dried pulp with molasses to which 
CaCO; was added (Ca, 4.30; P, 0.12%). The ration 
consisted of 70% dried pulp, 27% Coastal Bermuda- 
grass hay, and 3% cottonseed meal. The design of 
the experiment was two 3 X 3 Latin Squares with 
each period consisting of a 14-day preliminary feed- 
ing period followed by a 7-day collection period. 
Apparent digestibility coefficients of protein and 
energy were 53 and 67 for the plain pulp, 55 and 
67 for the pulp with molasses, and 54 and 64 for 
the high-calcium pulp. 
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53. CREEP-FEEDS AND CREEP- FEEDING 
FALL CALVES UNTIL SPRING VS. WEAN- 
ING. L. R. Kuhlman, R. D. Furr and A. B. 
Nelson, Oklahoma Agricultural Experiment Sta- 
tion, Stillwater. 

The 4-year average increase in gain of fall beef 
calves (from mature cows) as the result of creep- 
feeding from 2 mo. of age to weaning at 8% mo. 
was 70 lb. The.average feed consumption was 878 lb. 
per calf. In a 2-year test with young cows fed at 
a low level of wintering, the average increase in 
gain resulting from creep-feeding 944 Ib. of feed 
was 98 lb. Providing about this same quantity of 
increased supplemental feed to cows during the 
winter feeding season increased gains of their calves 
60 Ib. In a 2-year test with mature cows, when 
creep-feeding was stopped in mid-April instead of 
continuing until weaning in mid-July, creep-feed 
consumption was reduced from 884 Ib. to 384 lb. 
and total gain was reduced from 348 Ib. to 312 Ib. 
In two comparisons creep-feeding an average of 309 
Ib. alfalfa hay resulted in 38 Ib. less winter gain 
than creep-feeding 378 lb. of our basal mixture 
(55% rolled milo, 33% whole oats, 10% cottonseed 
meal, 5% molasses). Treatments in the 1960 test 
were: No creep-feeding, creep-feeding our basal mix- 
ture until weaning, creep-feeding this mixture until 
spring, creep-feeding this mixture in a pelleted form 
until spring, creep-feeding alfalfa hay until spring, 
and creep-feeding pelleted alfalfa hay until spring. 
Weight gains from December to April and from 
April to July for the calves in these lots were 123, 
159; 162, 194; 172, 146; 150, 151; 147, 151; and 
158, 142 lb., respectively. The pounds of supple- 
mental feed consumed were 0, 922, 253, 194, 308 and 
224, respectively. 


54. EFFECT OF CREEP FEEDING ON GROWTH 
RATE, GRADE AND ECONOMY OF PRO- 
DUCTION OF CROSSBRED BEEF CALVES 
IN THE GULF COAST REGION. R. S. Temple 
and G. L. Robertson, Louisiana State Univer- 
sity, Baton Rouge. 


Calves of various breeds and crosses, varying up 
to three months in age, were randomly divided by 
breed and sex into three groups in 1959 and 1960. 
Group I was weaned at an average age of 150 days 
and full-fed for 84 days. Group II calves were left 
on the cows on good Bermuda and Dallis grass 
pasture but were creep-fed from 150 days of age 
to 234 days of age. Group III calves remained on 
their dams on similar pasture but were not creep-fed. 
The amount of gain, slaughter grade, slaughter value 
and net profit were studied. An interaction existed 
between group and year for all traits. In 1959, the 
creep-fed calves gained 35 Ib. more in the 84-day 
period than the non-creep-fed calves and 39 Ib. more 
than the early-weaned calves. The creep-fed calves 
graded 1% of a grade better than (but were approx- 
imately the same value) the non-creep-fed calves 
and were about the same in grade as the early- 
weaned calves. The cost of the feed in both fed 
groups outweighed the profit from the additional 
gain. In 1960, the non-creep-fed calves gained signif- 
icantly more than the calves in the other two groups. 
The pasture conditions for the non-creep-fed and 
the creep-fed calves appeared to be the same, and 
the two groups were managed the same. These data 
suggest that the benefits of creep feeding depend 
upon the environmental conditions and changes from 
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year to year. Weaning calves early (150 days of age) 
gives no advantage in weight or grade at sale time 
(234 days of age) over creep feeding or non-creep 
feeding programs. 


55. INFLUENCE OF WINTER FEEDING ON 
MILK PRODUCTION OF WET BEEF COWS. 
W. B. Anthony, R. R. Harris, V. L. Brown and 
J. G. Starling, Auburn University, Auburn, 
Alabama. 


Milk production of beef cows was measured by 
a procedure developed in this laboratory (J. Animal 
Sci. 18:1541). Wet beef cows and their calves were 
winter-fed (1) coastal hay plus 2 lb. of CSM, or 
(2) small grain-clover grazing plus hay and CSM 
as needed to supplement the grazing. Average daily 
gain of the calves was 1.16 and 1.50 Ib. for group 
1 and 2, respectively. Milk production of the dams 
was little affected by the imposed difference in level 
of feeding. The next winter three treatments were 
tested. A control group of cows and calves (1) 
received coastal hay plus 2 Ib. of CSM daily. Those 
in group II had access to a vetch-clover-rye sward 
established on coastal sod. Cows in group III were 
fed the same as the control but their nursing calves 
had access to oats-clover grazing. Cows in I and III 
lost weight during the test, but cows in II gained 
rapidly. Milk production in II was slightly greater 
than that in I and III. The mean 12-hour FCM 
of II was 5.58 lb. on February 16 and 4.96 lb. on 
April 25. Comparable data for I were 4.54 and 4.25 
Ib. The control calves (I) gained 1.30 lb. per day 
of age as compared to 1.61 Ib. for the calves creep 
fed oats-clover (III). In II where cows and calves 
had access to luxuriant forage calves gained 1.92 Ib. 
per day of age. In another test, wet beef cows 
winter-fed poor quality grass hay alone produced 
significantly less milk than a comparable group of 
cows fed a superior diet. After these cows were 
turned to excellent spring pasture, the cows wintered 
on grass hay showed a greater increase in milk pro- 
duction than those fed more liberally during the 
winter. 


56. A COMPARISON OF THREE ANTIBIOTICS 
FOR WEANLING CALVES. C. E. Haines and 
H. L. Chapman, Jr., Florida Agricultural Ex- 
periment Station, Belle Glade. 

The value of Aureomycin, Terramycin and Olean- 
domycin to beef calves, during the postweaning 
period, was compared in two trials. Each trial in- 
volved 100 calves, of beef breeding, for 98 days 
postweaning. Calves were fed 4 lb. daily of a con- 
centrate mixture containing antibiotics, while on 
grass pasture. Calves in trial 1 (1959), receiving no 
antibiotic, 75 mg. Aureomycin, 75 mg. Terramycin 
or 25 mg. Oleandomycin per day, gained an average 
of 0.90, 0.97, 0.87 and 0.78 lb. daily, respectively. 
In trial 2 (1960), calves on the same antibiotic 
treatments gained an average of 0.80, 0.79 and 0.90 
Ib. daily. Steer calves gained slightly more than 
females in each trial. 


57. FEED-LOT RESPONSE OF STEERS TO 
STILBESTROL IMPLANTS, FOLLOWING 
STILBESTROL IMPLANTS ON PASTURE. 
C. W. Newman and J. Y. Oakes, Louisiana 
Agricultural Experiment Station, Bossier City. 

Twenty Angus steers were equally allotted into 
two groups by pairs on the basis of weight. One 
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animal of each pair was implanted with 24 mg. of 
stilbestrol (DES) and grazed on improved summer 
pastures for 233 days. At the end of the grazing 
season, all steers were implanted with 36 mg. of 
DES and allotted by pairs and full-fed a fattening 
ration composed of corn, cottonseed meal and mo- 
lasses with either coastal Bermuda grass or pelleted 
dehydrated coastal Bermuda grass hay. After 140 
days, the steers were slaughtered for carcass infor- 
mation. During the grazing season, steers implanted 
with DES gained an average of 195 Ib. and the 
control animals, 159 Ib. (P<.01). Dry-lot gains of 
the twice-implanted steers averaged 298 lb., and 
gains of those implanted once averaged 332 Ib. 
(P>.1). There were no significant differences due 
to treatment in feed-lot gain, total gain, market 
weight, carcass weight, or dressing percentage. Car- 
cass grades, however, averaged slightly higher among 
the animals receiving one implant. 


58. EFFECTS OF SYNOVEX-S ON STEER GAINS 
AND CARCASS VALUES. Maurice L. Ray and 
William M. McBride, University of Arkansas, 
Fayetteville. 

Two fattening trials involving 168 steer calves 
were conducted with Synovex-S (Squibb trade name 
for an implant containing the hormones estradiol 
benzoate and progesterone.) In each trial steers were 
implanted after about the first 100 days of a 252-day 
feeding period. Average daily gains were 2.18 and 
1.92 Ib. for implanted steers in trials I and II, 
respectively; and, 1.90 and 1.76 lb. for controls. 
Mean differences in gains were significant. Steer 
carcasses were graded after a 48-hr. chill. Cooler 
shrink, dressing percent, and color of lean and fat 
were determined. In trial I, four judges subjectively 
appraised side effects and correctly identified 86% 
of the hormone-implanted steers. Implanted steers 
had more bloom, enlargement of teats and elevated 


SOUTHERN SECTION ABSTRACTS 


tailheads. The packer buyer who graded the steers 
on foot did not discriminate against treated animals. 
In trial II, steers implanted with Synovex-S were 
graded one-third of a grade lower than untreated 
steers. by the same buyer. These differences were 
significant. In both trials there were no treatment 
differences in cooler shrink, dressing percent, carcass 
grade, color of fat or color of lean. No characteristics 
to relate carcasses to treatments were observed. 


59. VALUE OF RESERPINE IN STEER FAT- 
TENING RATIONS. H. L. Chapman, Jr. and 
C. E. Haines, Univ. of Florida, Everglades Ex- 
periment Station, Belle Glade. 


In the first of two experiments, 40 two-year-old 
Brahman x Angus steers, having an average initial 
weight of 742 lb., were divided into five groups of 
eight animals each, and fed for 98 days on pasture. 
When reserpine (Serpasil, CIBA Pharmaceutical Co.) 
was fed at the rate of 0, 0.5, 1.0, 2.0 and 4.0 
mg./animal/day, the average daily gain per animal 
was 2.10, 2.22, 2.28, 2.05 and 2.00 lb. respectively. 
Average dressing percent was similar for the five 
groups. Intransit shrink decreased in steers receiving 
1.0, 2.0 and 4.0 mg. of the tranquilizer; average 
dressing percent increased in the steers receiving 
0.5, 1.0 and 2.0 mg. Cooler shrink was not consist- 
ently affected. In the second experiment, 76 Brah- 
man x Angus yearling steers, having an average 
initial weight of 665 lb., were divided into five groups 
and fattened on pasture for 128 days as follows: 
(1) pasture only; (2) pasture plus 6 lb. of feed/ 
animal/day; (3) pasture plus full feed; (4) pasture 
plus full feed plus 0.25 mg. reserpine/animal/day ; 
and (5) pasture plus full feed plus 0.50 mg. reser- 
pine/animal/day. Average rate of gain was increased 
8 and 13%, respectively, when 0.25 and 0.50 mg. of 
reserpine were included in the ration. Reserpine did 
not consistently affect intransit shrink, dressing per- 
cent or cooler shrink during the second study. 
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Meeting of the American Society of Animal Pro- 
duction. The 53rd annual meeting will be held at the 
Hotel Sherman, Chicago, Friday and Saturday, No- 
vember 24 and 25, 1961. Members will be sent a 
questionnaire in June regarding papers. Titles of 
papers are to be submitted to the secretary’s office by 
July 20, and abstracts are to be submitted by August 
15. Authors of papers must be members of the So- 
ciety, but associate authors may be non-members. 

Nominations for the following awards are due in 
the office of the Secretary-Treasurer by June 15, 
1961: 


Morrison Award—J. Animal Sci. 11(4) 807-809. 
Established by Professor and Mrs. F. B. Morrison to 
honor annually a member who has done outstanding 
recent research of direct importance in livestock pro- 
duction. The award is $1500, a gold watch and a 
scroll. 


American Feed Manufacturers Award—J. Animal 
Sci. 7(2) 257-258. Established by the American Feed 
Manufacturers’ Association to honor a member affili- 
ated with a public institution for outstanding live- 
stock nutrition research work, the results of which 
have been published during the three years immedi- 
ately preceding the year of recognition. The award is 
$1,000 and a scroll. 


American Society of Animal Production Extension 
Award—J. Animal Sci. 18(2) 855-857., Established 
by the Society to recognize outstanding achievement 
in Animal Husbandry Extension. Chas. Pfizer & Co., 
Inc. awards $1,000 to the recipient. 


Distinguished Teacher Award of the American So- 
ciety of Animal Production—J. Animal Sci. 19(1) 
309-313. Established by the Society to recognize 
Distinguished Undergraduate Teachers in Animal 
Husbandry. Swift and Company awards $1,000 and 
a plaque to the recipient. 


Fellows of the American Society of Animal Pro- 
duction—J. Animal Sci. 18(2) 858. Established by 
the Society to honor members who have rendered 
distinguished service to the field of Animal Hus- 
bandry over a period of at least 25 years. Five cate- 
gories are recognized: 1. Teaching 2. Extension 3. 
Research 4. Administration 5. Industry. The award 
consists of a life membership in the Society and a 
plaque. 


The Western Section of the Society will hold its 
annual meeting at the University of Idaho, Moscow, 
July 16, 17 and 18, 1961. O. F. Pahnish, Arizona, is 
President; J. A. Bennett, Utah, is Vice-President; 
and T. D. Bell, Idaho, is Secretary-treasurer. 


The North Atlantic Section of the Society will 
meet at the Pennsylvania State University, University 
Park, Pennsylvania, August 22 and 23. W. A. Cowan, 
Connecticut, is President; G. W. Vander Hoot, Rut- 
gers, is Vice-President; and J. W. Bratzler, Pennsyl- 
vania, is Secretary-Treasurer. 


At the annual meeting of The Southern Section of 
the Society, Jackson, Mississippi, on February 6, 7 
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and 8, 1961, the following officers were elected for the 
coming year: President, George K. Davis, Nutrition 
Laboratory, Gainesville, Florida; Vice-President, 
E. J. Warwick, Animal Husbandry Research Divi- 
sion, USDA, Beltsville; Secretary-Treasurer, R. F. 
Wheeler, Animal Husbandry Department, Clemson, 
South Carolina. The meeting next year will be 
held at Jacksonville, Florida, February 5, 6 and 7. 


The 1961 Session of the Southern Regional Gradu- 
ate Summer Session in Statistics will be held at the 
Virginia Polytechnic Institute, Blacksburg, Virginia, 
June 15 to July 22, 1961. The Virginia Polytechnic 
Institute, Oklahoma State University, North Carolina 
State College, and the University of Florida have 
agreed to operate a continuing program of graduate 
summer sessions in statistics to be held at each in- 
stitution in rotation. Inquiries should be directed to 
Dr. Boyd Harshbarger, Head, Department of Sta- 
tistics, Virginia Polytechnic Institute, Blacksburg, 
Virginia. 

The Fourth World Congress on Fertility and Steril- 
ity will be held in Rio de Janeiro, Brazil, May 1962. 
Further details may be obtained from Dr. J. Ascenzo 
Cabello, Secretary-General, Parque, Melton Parras, 
161 Miraflores, Lima, Peru. 


The Sixteenth International Dairy Congress is 
scheduled September 3-8, 1962, in Copenhagen, Den- 
mark. Inquiries should be directed to the Interna- 
tional Dairy Federation, General Secretariat, 10 rue 
Ortéluis, Brussels 4, Belgium. 


The Twenty-second International Physiological 
Congress will be held September 11-17, 1962, in 
Leiden, Netherlands. The Secretary-General of the 
Congress is Professor Wallace O. Fenn, International 
Union of Physical Sciences, Department of Physiol- 
ogy, Medical Center, University of Rochester, Roch- 
ester 20, New York. 


The Sixth International Congress on Nutrition 
will be held in Edinburgh, Scotland, August 1963. 
Detailed arrangements are in the hands of the Scot- 
tish Group of the Nutrition Society. The contact 
person is Dr. D. P. Cuthbertson, Rowett Research 
Institute, Bucksburn, Aberdeen, Scotland. 


The Fifth Biennial Symposium on Animal Repro- 
duction will be held at the University of Tennessee, 
Knoxville, on August 3 and 4, 1961. Information con- 
cerning the program may be obtained from Dr. R. L. 
Murphree, Animal Science Building, University of 
Tennessee, Knoxville, Tennessee. 


The animal sciences of the Union of South Africa 
held a foundation meeting at the University of 
Pretoria on March 27, 1961. The purpose of the 
meeting was to found a South African Society of 
Animal Production. Among the major objects of the 
new Society was to encourage liaison with other 
societies with common or similar interests both within 
and beyond the borders of South Africa. Dr. D. M. 
Joubert, University of Pretoria, Private Bag 177, 
Pretoria, Union of South Africa, was a member of 
the Steering Committee for the foundation meeting. 














402 





The Division of Biological and Medical Sciences of 
the National Science Foundation announces that the 
next closing date for receipt of basic research pro- 
posals in the Life Sciences is May 15, 1961. Proposals 
received prior to that date will be reviewed at the 
summer meetings of the Foundation’s advisory panels 
and disposition will be made approximately four 
months following the closing date. Proposals received 
after the May 15, 1961 closing date will be reviewed 
following the fall closing date of September 15, 1961. 
Inquiries should be addressed to the Biological and 
Medical Sciences Division, National Science Founda- 
tion, Washington 25, D. C. 


Training programs designed to prepare students in 
the application of statistical and mathematical meth- 
ods to biological problems, particularly those related 
to health and medical sciences, now exist in more 
than 20 universities throughout the country. Sup- 
ported by training grant funds from the Public 
Health Service, NIH, these programs provide un- 
usual opportunities for careers in teaching, research 
and consultation. Employment opportunities for bio- 
metricians are excellent, with the demand by govern- 
mental and voluntary health agencies, medical re- 
search and educational institutions, and industry 
running far in excess of the available supply of 
trained personnel. Programs of study are individually 
designed to lead to doctoral degrees, and in special 
instances, to other academic degrees. Traineeship 
stipends are provided at various levels depending on 
previous education and experience of the trainee and 
include allowances for dependents. Substantially full 
economic support or partial support may be pro- 
vided, depending upon the proportion of time spent 
in training. Interested applicants are encouraged to 
correspond with one or more of the Program Direc- 
tors listed below because course offerings, as well as 
specific research problems for application of learned 
skills, vary from school to school. 


Dr. Virgil Anderson 
Purdue University 
Lafayette, Indiana 
Dr. George F. Badger 
Western Reserve University 
Cleveland 6, Ohio 
Dr. Jacob E. Bearman 
University of Minnesota 
Minneapolis 14, Minnesota 
Dr. Antonio Ciocco 
University of Pittsburgh 
Pittsburgh 13, Pennsylvania 
Dr. Wilfrid J. Dixon 
Medical Center, U.C.L.A. 
Los Angeles 24, California 
Dr. W. T. Federer 
Cornell University 
Ithaca, New York 
Dr. John W. Fertig 
Columbia University 
New York 32, New York 
Dr. Franklin A. Graybill 
Colorado State University 
Fort Collins, Colorado 
Dr. Bernard G. Greenberg 
University of North Carolina 
Chapel Hill, North Carolina 
Drs. John Gurland and T. A. Bancroft 
Iowa State University 
Ames, Iowa 
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Dr. Boyd Harshbarger 
Virginia Polytechnic Institute 
Blacksburg, Virginia 
Dr. Allyn Kimball 
Johns Hopkins University 
Baltimore 5, Maryland 
Dr. Schuyler G. Kohl 
State Univ. of N. Y., Col. of Med. 
Brooklyn 3, New York 
Dr. Robert F. Lewis 
Tulane University 
New Orleans 12, Louisiana 
Dr. Eugene Lukacs 
The Catholic University of America 
Washington, D. C. 
Dr. Paul Meier 
University of Chicago 
Chicago 37, Illinois 
Prof. Felix Moore 
University of Michigan 
Ann Arbor, Michigan 
Dr. Lincoln E. Moses 
Stanford Medical School 
Stanford, California 
Dr. Hugo Muench 
Harvard School of Public Health 
Boston 15, Massachusetts 
Dr. Robert Quinn 
Vanderbilt University 
Nashville 5, Tennessee 
Prof. J. A. Rigney 
North Carolina State College 
Raleigh, North Carolina 
Drs. W. W. Schottstaedt and James Hagans 
University of Oklahoma 
Oklahoma City 4, Oklahoma 
Dr. Malcolm E. Turner, Jr. 
Medical College of Virginia 
Richmond, Virginia 
Dr. Colin White 
Yale School of Medicine 
New Haven, Connecticut 
Dr. J. Yerushalmy 
University of California 
Berkeley 4, California 


For those unable to train during the academic year, 
an unusual opportunity is provided by a coopera- 
tive Graduate Session of Statistics in the Health 
Sciences sponsored by these Program Directors and 
made possible by a training grant from the PHS, 
NIH. For information concerning available stipends 
and course offerings at elementary, intermediate, or 
advanced levels for the summers of 1961 and 1962, 
write Dr. Jacob E. Bearman, University of Minne- 
sota, Minneapolis, Minnesota. 


Effective November 1, 1960, the Departments of 
Animal Husbandry and Dairy Industry of Colorado 
State University were combined into one new De- 
partment of Animal Science headed by C. D. Story. 


T. N. Blumer, University of North Carolina, J. W. 
Cole, University of Tennessee, W. Hansel, Cornell 
University, V. W. Hays, Iowa State University, I. L. 
Lindahl, ARS, USDA, Beltsville, L. E. Lloyd, Mac- 
Donald College, and J. H. Meyer, University of 
California, have accepted appointment to the Edi- 
torial Board of the Journal. A. B. Chapman, Univer- 
sity of Wisconsin, has succeeded W. D. Gallup, Okla- 
homa State University, as Editor and R. H, Dutt, 
2 egg of Kentucky, has been named Associate 

itor. 
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Albert G. Hogan, Professor Emeritus of Animal 
Nutrition, University of Missouri, passed away on 
January 25. 


D. D. Giles, Stephen S. Austin State Teachers Col- 
lege, Nacogdoches, Texas, passed away this past 
winter. 


A. B. Salmela, North Central School and Experi- 
ment Station, University Farm, Grand Rapids, Mich- 
igan, passed away December 10, 1960. 


The following personnel assignments have been 
made in the Dairy Cattle Research Branch, Animal 
Husbandry Research Division, USDA, effective Jan- 
uary 8, 1961: Joseph F. Sykes, Chief of Branch; 
James H. Book, Assistant Chief of Branch, Lane A. 
Moore, Leader, Nutrition Investigations; and Joel 
Bitman, Leader, Physiology Investigations. 


Ralph O. Williams, Extension Animal Husband- 
man, College of Agriculture, University of Georgia, 
Athens, resigned November 15, 1960, to accept a 
position with the Packers and Stockyards Division, 
AMS, Raleigh, North Carolina. 


James R. Foster became Extension Swine Spe- 
cialist, Department of Agricultural Extension, Purdue 
University, headquarters at Lafayette, August 1, 
1960. Dr. Foster is a native of Indiana and received 
his Ph.D. in animal nutrition at Iowa State Univer- 
sity. 


Charles W. Foley, Extension Animal Husbandman, 
Department of Agricultural Extension, Purdue Uni- 
versity, resigned December 31, 1960. 


Paul H. Engle was appointed Extension Animal 
Husbandman, with responsibilities in the fields of 
swine and sheep production, at Maryland on Sep- 
tember 1, 1960. He will be located at College Park. 
Dr. Engle is a native of Ohio and received his B.S., 
M.S. and Ph.D. degrees from Ohio State University. 


Boyd T. Whittle, Extension Animal Husbandman 
at Maryland, has resigned effective September 18, 
1960, to accept a position with ICA in Brazil. 


Bobby D. Van Stavern was appointed Extension 
Meats Specialist, Ohio Extension Service, Columbus, 
effective October 1, 1960. He succeeds Randall R. 
Reed, who resigned to accept a position with the 
resident staff at Ohio State. Dr. Van Stavern received 
his M.S. and Ph.D. degrees from Ohio State. 


D. W. Marble, Research Veterinarian of the Ne- 
vada station, has been named chairman of the Re- 
search Committee of the Intermountain Veterinary 
Medical Association for the current year. 


Director of Extension J. W. Pou, of Arizona, has 
resigned to return to North Carolina with the Wach- 
ovia Bank and Trust Company, Greenville. Five 
years prior to going to Arizona, Dr. Pou was head 
of the Department of Animal Industry, North Caro- 
lina State College. 


Emmett U. Dillard has returned to the Animal 
Breeding Section, Animal Industry Department, 
North Carolina State College, to resume responsibil- 
ity for beef cattle breeding research. Dr. Dillard has 
spent the last three years in Peru as livestock research 
advisor on N. C. University contract with ICA. 


John T. McCall joined the Animal Husbandry 
staff of Iowa State University on February 16, 1961. 
He will have responsibility for biochemistry research 
in swine nutrition. Dr. McCall was formerly a staff 
member in the Animal Husbandry and Nutrition 
Department at the University of Florida. 


McElwyn D. Whiteker joined the Animal Hus- 
bandry Extension staff of Iowa State University on 
February 16, 1961. Dr. Whiteker will have major 
responsibilities in swine extension education. He is a 
native of Kentucky, and holds B.S., M.S. and Ph.D. 
degrees from the University of Kentucky. 


H. Yacowitz, Ph.D. ’50, Cornell University, has 
resigned his position as Director of Applied Research, 
Nopco Chemical Company to start a nutrition con- 
sulting firm servicing the feed industry and allied 
groups. His office and laboratory will be located at 
221 2nd Ave., Wynnewood, Bound Brook, N. J. 


On April 3, Clyde R. Richards (B.S. 43 Utah State 
University, M.S. ’47 and Ph.D. ’50 Cornell Univer- 
sity) became a member of the State Experiment Sta- 
tions Division, Agricultural Research Service, techni- 
cal staff as animal nutritionist. Dr. Richards has the 
position formerly held by Dr. Ray E. Ely, who is 
now Associate Director of the Nevada Agricultural 
Experiment Station. His area of responsibility in- 
cludes nutrition research with beef cattle, sheep and 
swine. Dr. Richards was formerly associate professor 
of animal nutrition, Department of Animal and 
Poultry Industry, University of Delaware. 


Research Fellowship Awards of the Ralston Purina 
Company for 1961-62 have been made to: H. H. 
Hodson, Ames, Ia., A. J. Lee, Quebec, Canada, 
and J. M. Philpot, Stillwater, Okla., in Dairy Hus- 
bandry; E. W. Gleaves, Stillwater, Okla., N. D. 
Nugara, Athens, Ga., and L. V. Tonkinson, Stillwater, 
Okla., in Poultry Husbandry; D. J. Dierschke, Davis, 
Calif.. D. O. Pinney, Stillwater, Okla., and L. J. 
Wernimont, Carroll, Iowa, in Animal Husbandry; 
and R. D. McQueen, Champaign, IIl., in Veterinary 
Medicine. Alternates are: K. R. Stevens, East Lansing, 
Mich., E. K. Inskeep, Madison, Wis., J. T. Attebery, 
Fayetteville, Ark., C. E. Askelson, Ames, Ia., P. W. 
Waldroup, Gainesville, Fla., B. Panda, College Park, 
Md., A. A. Grunder, Edmonton, Alberta, W. L. 
Williams, Concord, Tenn., J. R. Heathman, Pullman, 
Wash., and G. A. Padgett, East Lansing, Mich. The 
members of the Awards Committee are: W. A. Hagan, 
National Animal Disease Laboratory, Ames, Ia., 
representing the American Veterinary Medical As- 
sociation; R. MacVicar, Oklahoma State University, 
representing the American Association of Land Grant 
Colleges and State Universities; R. H. Thayer, Okla- 
homa State University, representing the Poultry Sci- 
ence Association; N. L. Jacobson, Iowa State Uni- 
versity, representing the American Dairy Science As- 
sociation; and T. J. Cunha, University of Florida, 
representing the American Society of Animal Pro- 
duction. This is the thirteenth year of the program. 
Each award is in the amount of $2000. The Com- 
mittee evaluates the applications on the basis of scho- 
lastic record, proposed research project, recom- 
mendations and other pertinent data relative to the 
ability of the applicant. 


M. V. Wallentine, B.S. ’55, Utah State University ; 
M.S. ’56, Ph.D. ’60, Cornell University, has joined 
the staff at Purdue University in Livestock Extension 
teaching. 
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W. R. Trehane, Chairman of the Milk Marketing 
Board of England and Wales, was elected President 
of the British Society of Animal Production at the 
Annual Meeting, March, 1961. J. B. Maule, who has 
been Secretary of the Society since 1948, was elected 
Vice-President; and J. Walker-Love, head of the 
Animal Husbandry Department of the West of 
Scotland Agricultural College, Auchincruive, Ayr, is 
the new Secretary. 


Animal Husbandry Heresies by Allan Fraser; 200 
pages; $6.00; Philosophical Library, Inc., New York, 
1960. In this little book the author presents his per- 
sonal views based on the alleged failure of forty years 
of attempts to reconcile orthodox agricultural sci- 
ence with his own observations on the farm. He 
doubts whether in its essentials animal breeding has 
changed since long before Bakewell’s time and _ be- 
lieves that both the breeder and geneticist tend to 
exaggerate the importance of breeding in animal hus- 
bandry in relation to environmental factors. 


Farm Animals. Their Breeding, Growth and In- 
heritance, by John Hammond; 322 pages; $7.50; St. 
Martins Press, New York, 1960. Fourth and exten- 
sively revised edition. Part I is on “Fertility and 
Growth in Farm Animals” with a chapter on General 
Principles followed by separate chapters on Horses, 
Cattle, Sheep, Pigs and Poultry. Part II is entitled 
“Genetics in Relation to the Practical Problems of 
Breeding Farm Animals’ with chapter headings: 
General Considerations, Mendelian Applications, Evo- 
lution and Selection, Inbreeding and Crossbreeding, 
and Special Problems in Breeding for Production. 


Better Grassland Sward by André Voisin; 341 
pages; $8.00; Crosby Lockwood and Son, Ltd., Lon- 
don, 1960. Note: published in the U.S.A. by Albert 
J. Phiebig, P. O. Box 352, White Plains, N. Y. The 
author emphasizes the dynamic nature of grasslands 
stressing the interrelationships of management, bot- 
any and ecology, in the sequel to Grass Productivity. 
He is critical of earlier work concerned with grazing 
studies because few investigators have noted the 
effect of the animal on grasslands, or vice versa. The 
effects of animal movement on the behavior of in- 
dividual species commonly found in grasslands are 
reviewed briefly. The sensitivity of forage species to 
animal excrement and the importance of excrement 
in improving the flora are noted. This book should 
be thought-provoking for all concerned with the 
broad subject of pasture management. 


The Institut National de la Recherche Agrono- 
migue (149, rue de Grenelle, Paris, France) an- 


NEWS AND NOTES 





nounces that “From the beginning of 1961, there 
will be a change in the presentation of the Annales 
de Zootechnie. Memoirs, notes and reviews on vari- 
ous aspects of animal production, of interest to both 
research workers and specialists in the field, will be 
published in the journal, as in the past. The subjects 
will include selection, artificial insemination, feeding 
and fattening, weaning and milking. Each article will 
be followed by a summary in English giving a de- 
tailed account of method(s) used and the results ob- 
tained.” The Institut also announces “a new periodi- 
cal, Annales de Biologie Animale, Biochimie, Bio- 
physique, which will contain original memoirs, short 
communications and reviews”. 


The Agricultural Research Council of Great Britain 
(Cunard Building, 15, Regent Street, London S.W. 1, 
England) is compiling A Bibliography of Farm 
Buildings Research 1945-1958. Part IV, Buildings for 
Cattle, has just been issued. Previous sections of this 
bibilography are: Part I, Buildings for Pigs; Part II, 
Buildings for Potato Storage; and Part III, Buildings 
for Poultry. The Council intends to keep these up to 
date by publishing supplementary bibliographies 
from time to time. 


Pioneer Microbiologists of America by Paul F. 
Clark; 384 pp. 38 illus.; $6.00; University of Wis- 
consin Press, 430 Sterling Court, Madison 6, Wis- 
consin. Presentation of the history of early Ameri- 
can microbiology. Emphasizes “the growing impor- 
tance of the state agricultural experiment stations 
and land-grant colleges in microbiologic research, 
and shows the increasing importance of the Central 
U. S. Public Health Service and Department of Agri- 
culture not only in the public control of disease in 
plants, in lower animals, and in man, but also in 
carrying out fundamental studies.” 


Principles and Procedures of Statistics by Robert 
G. D. Steel and James H. Torrie: 481 pp.; $10.50; 
McGraw-Hill Book Co., Inc., New York. This book 
is aimed primarily at research workers in biology, 
uses a non-mathematical approach, with back-re- 
ferencing kept to a minimum. The first six chapters 
deal with probability, parent and derived distribu- 
tions, tests of significance and experimental design. 
There are five chapters on analysis of variance, in- 
cluding one on unequal subclass numbers. Simple, 
multiple and partial regressions and correlations and 
analysis of covariance occupy four chapters, enumera- 
tion data, two. Non-linear regression, Chi-square, 
non-parametric statistics and sampling finite popula- 
tions each have one chapter devoted to them. Twenty 
statistical tables are given in the appendix. 








Be sure to vote for your choice of a future 
meeting place for the Society. The ballot card, 
sent to you by the Secretary-Treasurer, should 
be returned to him before May 31, 1961. 























ERRATUM 













Lehmann, R. P., J. A. Gaines, R. C. Carter, K. P. Bovard and C. M. Kincaid. é 
1961. Selection indexes for weanling traits in beef calves. J. Animal Sci. 20:53-57. 
The Rig values for indexes 2 and 4 were incorrectly calculated. The correct values 


are .41 for index 2 and .38 for index 4. 


Correction of these errors calls for some changes in the discussion, namely: 


1. The indexes expressed in terms of 203-day weight and type lead to the same f 
conclusions as those expressed in terms of daily gain and type, as one would * 
expect. ’ 

2. Index 4 was almost as good as index 1 in Ry, but it should result in less genetic b 


change in daily gain and more genetic change in type. 


3. Comparison of indexes 2 with 1 or 6 with 5 indicates that including type score j 
in the index would be expected to increase selection for net merit only a slight § 
amount. 


The authors are grateful to L. A. Swiger for pointing out the errors. 


Please attach this page to the original article. 
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INFORMATION FOR CONTRIBUTORS 


1. Papers may be submitted reporting work whose ultimate objective is clearly the solution of a 
livestock production problem and whose contents should be of interest particularly to those 
dealing with livestock production problems. Review papers on subjects of general interest will 
also be published at intervals. These will be prepared on invitation of the Editorial Board. 


2. All papers will be subject to critical review by the Editorial Board, or others designated by the 
Editor. Papers needing revision will be returned to authors and should be revised and returned 
promptly. Papers not suitable for publication will be returned to authors with a statement of 
reasons for not accepting them. 


3. Papers submitted should be based on new and adequate information. The primary purpose of a 
scientific publication is to provide information based on well-described data and to exchange 
ideas. Authors are therefore discouraged from submitting for publication results of research 
involving products whose ingredients cannot be disclosed. Information on composition and 
source of any product which may have a bearing on the experimental results should be provided. 
Authors are also discouraged from submitting papers based on routine product testing. 


4. Consult a recent issue for style and form. The following are guides: 


(a) Manuscripts must be typed, double-spaced and the ribbon copy submitted. Submission of 
two copies (one carbon) will facilitate review. 


(b) All pages, including those of tables and legends, must be numbered. The lines of the text, 
but not of tabular material or “Literature Cited”, must be numbered in the left margin, begin- 
ning with one at the top of each page. 


(c) Tables should be as few and as simple as is feasible for presentation of the essential data. 
Each table should be on a separate sheet. 


(d) The legend for each figure should be typed on a separate sheet. Photographs should be 
carefully prepared and labeled. Magnification of photomicrographs should be indicated on 
legends. Charts should be prepared in India ink. Typed material on charts is not acceptable. 
Material that will not reproduce satisfactorily will be returned for revision. For suggestions on 
preparing illustrative material see the “Style Brief” published by the Wistar Institute Press, 
Philadelphia. If in doubt, consult the Editor before putting material in finished form. 


(e) The introduction should consist of no more than 200 words indicating very briefly the 
nature of the questions asked and the reasons for asking them. Most of the relevant literature 
should be mentioned later in the discussion of the results. Concise presentation of data is desired 
and there should be evidence of statistical examination wherever obviously useful in the 
interpretation. Unsupported hypotheses should be avoided. The organization of a manuscript 
may vary with the nature of the material, but manuscripts should contain a statement of 
application of the results or their relation to some problem of the livestock industry. Each 
paper should end with a summary in the form of an abstract containing the most pertinent data 
in the briefest possible form. 


(f) Literature citations must be listed in alphabetical order and should be referred to in the 
text by author and date, ie., Castle (1924) or (Castle, 1924); Best et al. (1951) or (Best 
et al., 1951). Citations may be referred to by number in review articles where the number of 
citations is too great to permit convenient use of the above form. “Literature Cited” lists should 
be typed in a style used in a currént issue of the JOURNAL. 


mn 


.Manuscripts will be edited in the order received, and accepted papers will be published as 
nearly in this order as feasible. 





6. There will be a charge for making engravings in excess of the equivalent of one column per 
paper and of printing tables in excess of the equivalent of two columns per paper. The author 
will be asked when his manuscript is accepted to indicate the institution, agency or individual 
responsible for the charges and for the reprints ordered at that time. 


. Authors will receive galley proof of articles together with a form for supplying an abstract for 
“Biological Abstracts”. Corrected proof and abstract should be mailed to the Editor within 
three days after they are received. Failure to do this may result in delay of publication until the 
next issue. 


8.One author of each manuscript should be a member of the Society. Papers by non-members 
can be published only after approval by the Executive Committee. 


9.A “News and Notes” section will be published in each issue, including Society announcements, 
changes in positions and other items of professional interest to members. All such items should 
be sent promptly to the Editor. 


. Abstract of papers to be presented at the annual meetings of the Society will be published in 
the November issue. Such abstracts must not exceed 250 words in length, should be typed 
(double spaced) and the ribbon copy submitted, the lines on the page should be numbered, 
in the left margin, from top to bottom, and must be in the hands of the Secretary of the Society 
by August 15, preceding the meeting. These abstracts must be summaries of results and conclu- 
sions. They should be checked carefully before submission—proofreading of the galleys will 
usually not be possible. 


. Presentation of a paper at the annual meeting does not exclude it from publication in complete 


form in the Journat. Such papers may be submitted to the Editor and will be given equal 
consideration with others submitted. 


. All manuscripts and correspondence concerning them should be addressed to the Editor: A. B. 
Chapman, Department of Genetics, University of Wisconsin, Madison 6, Wisconsin, or to the 
publisher: Boyd Printing Company, Inc., 49 Sheridan Ave., Albany 10, N. Y. 


. All correspondence concerning subscriptions to the JouRNAL OF ANIMAL ScIENCE and other 
business matters should be addressed to the Business Manager, C. E. Terrill, Animal Husbandry 
Research Division, Agricultural Research Center, Beltsville, Maryland, or to the publishers, 
Boyd Printing Company, Inc., 49 Sheridan Avenue, Albany 10, N. Y. 
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